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STEM Pedagogical Content Knowledge (STEMPCK) Scale: A Validity and 
Reliability Study
Bekir Yıldırım and Emine Şahin Topalcengiz
Muş Alparslan University, Turkey
AbstrAct
The aim of this study was to develop the STEM Pedagogical Content Knowledge Scale 
(STEMPCK Scale). Exploratory and confirmatory factor analyses were conducted to 
examine the structural validity of the scale. Exploratory factor analysis of the scale was 
conducted using data from 443 preservice teachers who were studying to become science 
teachers, preschool teachers, elementary school teachers, and mathematics teachers. The 
confirmatory factor analysis of the scale was conducted using data from 212 students who 
were enrolled in the same departments. The scale was administered to 655 preservice 
teachers in total. To determine the reliability of the scale, the Cronbach’s Alpha internal 
consistency coefficient, the corrected total item correlation, and the significance of the 
differences between the item averages of the top 27% and bottom 27% were examined 
by t-test. According to the results obtained, the STEMPCK Scale consists of six factors: 
21st-Century Skills, Pedagogical Knowledge, Mathematics, Science, Engineering, and 
Technology. The scale included 56 items. The Cronbach’s Alpha values of the factors 
ranged from 0.878 to 0.90, and the corrected item total score correlations ranged from 0.306 
to 0.895. The results of the t-test showed that all the differences between the mean scores 
of the top 27% and bottom 27% on the items were significant. The results of the analyses 
indicate that the instrument has reasonable internal consistency and that the theoretical 
structure was supported by empirical data. These results indicate that the STEMPCK 
Scale is an appropriate tool for measuring preservice teachers’ STEM pedagogical content 
knowledge. Implications and suggestions for further studies are included.
Keywords: Pedagogical content knowledge; Reliability; STEM; Validity
Scientific and technological progress requires workers to have different skills than in the past. 
In addition to foundational skills like literacy and numeracy, they need competencies such as 
problem solving, critical thinking, creativity, and collaboration and character qualities such as 
curiosity. To teach the skills that meet the needs of a 21st-century marketplace, countries have 
made reforms in their educational systems (Drew, 2011). Science, technology, engineering, and 
mathematics (STEM) lie at the heart of these reform movements. Through the integration of 
science, technology, engineering, and mathematics, students would be able to study the challenges 
that arise in today’s world such as energy shortages, environmental problems, and health problems 
(Bybee, 2010). Students fully equipped with STEM knowledge will be able to identify, apply, 
and integrate its concepts to understand complex problems and generate solutions to solve those 
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problems (Meng, Idris, Eu, & Daud, 2013). Successful integration of STEM largely “depends on 
whether teachers develop a solid understanding of subject matter and conceptualize connections 
among subjects” (Pang & Good, 2000, p. 77). Many teachers have holes in their subject content 
knowledge; therefore, asking teachers to teach another subject may create new knowledge gaps, 
challenges, and difficulties (Stinson, Harkness, Meyer, & Stallworth, 2009).
To successfully implement STEM education in schools, teachers should understand what STEM 
means and should be equipped with STEM-related skills and knowledge of STEM. Teachers should 
apply effective teaching methods and techniques in their classroom to support students’ learning of 
STEM areas (Lichtenberger & George-Jackson, 2013). Furthermore, teachers should acknowledge 
students’ success in STEM-related fields (Beier & Rittmayer, 2008). It is important for teachers to 
have strong content and pedagogical knowledge in STEM (Kennedy, Ahn, & Choi, 2008).
In the STEM education research literature, there is a no clear agreement about the concept 
of pedagogical content knowledge (PCK) and content knowledge for teaching. In spite of this 
lack of agreement, researchers use Shulman’s model as a basis for research about teachers’ PCK. 
According to Shulman (1986), several domains of knowledge influence how teachers teach. 
These domains are: content knowledge, general pedagogical knowledge (i.e., knowledge of 
strategies for classroom management), curriculum knowledge, PCK, knowledge of learners and 
their characteristics, knowledge of context (i.e., classroom), and knowledge the purposes and 
values of education (Cochran, DeRuiter, & King, 1993; Hume & Berry, 2011; Shulman, 1986). 
During the years, other researchers (Appleton, 2003; Cochran et al., 1993; Magnusson, Krajcik, 
& Borko, 1999) have built on or challenged Shulman’s approach by suggesting different views of 
PCK. From another point of view, PCK has its own unique identifiers (Magnusson et al., 1999). 
Based on these models, PCK is a transformation of knowledge from other knowledge categories 
(e.g., orientations toward science teaching, knowledge and beliefs about science curriculum, 
knowledge and beliefs about students’ understanding of specific science topics, knowledge and 
beliefs about assessment in science, and knowledge and beliefs about instructional strategies for 
teaching science; Magnusson et al., 1999).
Numerous methods of measuring teachers’ PCK have been developed since Shulman 
introduced it (Baxter & Lederman, 1999): the lesson planning method (developed by van der Valk 
and Broekman, 1999), the use of metaphors, the use of “classroom window” cases (developed 
by Loughran, Milroy, Berry, Gunstone, and Mulhall, 2001), expert–novice studies, interviews, 
classroom observations, and teacher focus groups (Abell, 2007; Baxter & Lederman, 1999; Hume 
& Berry, 2011; Loughran, Berry, & Mulhall, 2012). All these techniques are divided into three 
categories: (1) convergent and inferential techniques; (2) concept mapping, card sorts, and pictorial 
representations; and (3) multimethod evaluations (Baxter & Lederman, 1999).
In a review of research published in science education, different tools were used for 
gathering information about teacher practices, content knowledge, and PCK in STEM education 
interventions (Minner & Martinez, 2013; Minner, Martinez, & Freeman, 2013). These instruments 
are observation protocols such as the Instructional Strategies Classroom Observation Protocol 
(ISCOP), the Lesson Flow Classroom Observation Protocol (LFCPO), the Science Teacher Inquiry 
Rubric (STIR), Assessment of the Facilitation of Mathematizing (AFM), and Early Mathematics 
Classroom Observation (EMCO); scoring rubrics such as Transforming Instruction by Design in 
Earth Science (TIDES) and Scoop Notebook (Scoop); surveys such as the Indiana Mathematics 
Beliefs Scale (IMBS) and the Science Teaching Efficacy Belief Instrument (STEBI); protocols such 
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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as Danielson’s Framework for Teaching Domains (FFT); and interviews such as Views of Nature of 
Science Form C (VNOS-C; Minner & Martinez, 2013; Minner et al., 2013). Most instruments have 
been developed to assess students’ knowledge and then adapted for teachers (Minner & Martinez, 
2013). Furthermore, it seems that current instruments are limited to assessing teachers’ PCK in 
STEM (STEMPCK) and that more effort needs to be made to develop new instruments for STEM 
educational interventions (Benuzzi, 2015; Hudson, English, Dawes, King, & Baker, 2015; Rogers, 
Winship, & Sun, 2016; Stohlmann, Moore, & Roehrig, 2012). This study will hopefully begin to 
fill that gap by not only describing STEMPCK but also explaining how these areas will be assessed 
through one instrument.
To effectively integrate STEM education, teachers should adequately build STEMPCK. 
STEMPCK is a combination of different categories: STEM content knowledge, STEM integration 
knowledge, pedagogical knowledge, 21st-century skills knowledge, and context knowledge 
(Appleton, 1995, 2003; Avery, 2009; Ball, Thames, & Phelps, 2008; Benuzzi, 2015; Custer & 
Daugherty, 2009; Eckman, Williams, & Silver-Thorn, 2016; Eilks & Markic, 2011; Epstein & 
Miller, 2011; Harris & Hofer, 2011; Hill, Rowan, & Ball, 2005; Hudson et al., 2015; C. A. Lee 
& Houseal, 2003; K.-T. Lee & Nason, 2012; Nadelson, Seifert, Moll, & Coats, 2012; National 
Research Council, 2000; President’s Council of Advisors on Science and Technology [PCAST], 
2010; Rogers et al., 2016; Stohlmann et al., 2012; Shulman, 1986; Wilson, 2011; Wang, Moore, 
Roehrig, & Park, 2011).
Content knowledge is defined as “the amount and organization of knowledge per se in the mind 
of the teacher” (Shulman, 1986, p. 9). This knowledge includes different components including 
knowledge of concepts (including principles and definitions), theories, ideas, organizational 
frameworks, knowledge of evidence and proof, and the knowledge construction process 
(Shulman, 1986). Teachers who have strong knowledge and skills in the STEM disciplines can 
easily integrate STEM education into practice and develop effective STEM teaching strategies 
(Abell, 2007; Ball et al., 2008; Bukova-Güzel, Cantürk-Günhan, Kula, Özgür, & Elçí, 2013; 
Nadelson et al., 2012; PCAST, 2010). Teachers’ effectiveness in teaching STEM subjects is related 
to their competence in the individual subjects (Eckman et al., 2016; C. A. Lee & Houseal, 2003). 
Teachers of STEM disciplines must have a conceptual understanding of how the STEM subjects 
are interactive and adaptable (Ostler, 2012). Besides having a broad knowledge base of STEM 
content, teachers must witness advanced integrated pedagogical models to be able to integrate 
these practices into their classroom teaching (Ostler, 2012). Furthermore, STEM integration 
knowledge is also related to STEMPCK and PCK. Teachers with strong STEMPCK do not avoid 
teaching STEM subjects and integrating STEM disciplines in the classroom (Yıldırım, 2016; 
Wang et al., 2011).
Pedagogical knowledge refers to knowledge of teaching methods, knowledge of classroom 
assessment, and knowledge of learning processes (Shulman, 1986). Teachers with deep 
pedagogical knowledge understand how students construct knowledge; understand cognitive, 
social, and developmental theories of learning; understand how such theories apply to students 
in their classroom; and are aware of what is going on in all parts of the classroom and are able 
to handle several classroom events. In short, pedagogical knowledge includes all issues related 
to student learning, classroom management, knowledge of assessments, knowledge of student 
characteristics, and lesson plan development and implementation (Yusof, Zakaria, & Maat, 2012; 
Briscoe & Peters, 1997; Shulman, 1986).
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Twenty-first-century skills knowledge describes the skills and knowledge that all students must 
master to succeed in life and work. Twenty-first-century skills should be taught in conjunction with 
core academic knowledge (such as music, mathematics, and science) and other essential skills, 
such as learning and innovation skills (including critical thinking and problem solving, creativity 
and innovation, communication and collaboration, visual literacy, scientific and numerical literacy, 
cross-disciplinary thinking, and basic literacy); information, media, and technology skills (including 
information literacy; media literacy; and information, communications, and technology literacy); 
and life and career skills (including flexibility and adaptability, initiative and self-direction, social 
and cross-cultural skills, productivity and accountability, and leadership and responsibility; Binkley 
et al., 2012; Voogt & Roblin, 2010).
Context knowledge refers to knowledge of internal and external resources. Internal 
sources include reflection on personal experiences of teaching, and external sources include 
subject-matter knowledge and government rules about education and policies (Barnett & Hodson, 
2001). Context defines the environment for teaching and learning that includes content. A classroom, 
the characteristics of the region, the culture of the school, students’ backgrounds, the province of 
the school, and the region of the school also affect the effectiveness and quality of STEM education 
(Harris & Hofer, 2011; Shulman, 1986; Yusof et al., 2012).
Up to this point, we have summarized the research on teachers’ PCK and proposed a new 
model, the STEMPCK model, to teach and train in-service and preservice teachers. Based on an 
intensive literature review and interviews with preservice teachers and engineering students, we 
hypothesized that STEMPCK has different categories: content knowledge, integration knowledge, 
pedagogical knowledge, 21st-century skills knowledge, and context knowledge. Although there 
have been many studies conducted to evaluate STEM teachers’ beliefs and to develop teachers’ 
experiences in the classroom while integrating STEM curricula, there is no single instrument to 
evaluate teachers’ STEMPCK. Because it is difficult and expensive to score open-ended questions, 
concept maps, and comments on videotaped lessons, there is a need for new instruments to evaluate 
teachers’ STEMPCK. Therefore, in this study, we developed a paper-and-pencil test: the STEM 
Pedagogical Content Knowledge Scale (STEMPCK Scale) for preservice teachers. We believe that 
this study makes an important contribution to research on STEMPCK.
Methods
In this study, an instrument, the STEMPCK Scale, was developed to determine preservice 
teachers’ STEMPCK.
Participants
The study was conducted during the fall semester of 2016 in a public university located in 
the eastern part of Turkey. The participants were preservice teachers from different departments, 
including Science Education, Mathematics Education, Early Childhood Education, and Elementary 
School Education.
Research Group
Two different groups of preservice teachers participated in this study. The first group consisted 
of 443 preservice teachers who were studying in the Science Education, Mathematics Education, 
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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Table 1
Frequency and Percentage Distribution of Preservice Teachers in Study Group by Department and Major
Department and major
Study Group 1 Study Group 2
f % f %
Department of Mathematics and Science Education
   Science Education 50 11.29 35 16.51
   Mathematics Education 80 18.06 42 19.81
Department of Primary Education
   Early Childhood Education 124 27.99 55 25.94
   Elementary School Education 189 42.66 80 37.74
Total 443 100 212 100
Early Childhood Education, and Elementary School Education departments. The second group 
consisted of 212 preservice teachers who were studying in the same departments. The exploratory 
factor analysis of the developed scale was conducted using data from the first group, and the 
confirmatory factor analysis was conducted using data from the second group. Because repeating 
the study and either redoing the exploratory factor analysis or conducting a confirmatory factor 
analysis after an exploratory factor analysis in the first sample or conducting two successive 
confirmatory factor analyses would not validate the supposed structure, different samples were 
used in the study. Frequency and percentage distributions of the preservice teachers in the first and 
second groups by their departments are shown in Table 1.
Table 1 shows that 11.29% of the participants in Study Group 1 were preservice science 
teachers, 18.06% were preservice mathematics teachers, 27.99% were preservice early childhood 
teachers, and 42.95% were preservice elementary school teachers. In Study Group 2, 16.51% of 
the participants were preservice science teachers, 19.81% were preservice mathematics teachers, 
25.94% were preservice early childhood teachers, and 37.74% were preservice elementary school 
teachers. The distribution of preservice teachers by grade level is shown in Table 2. Table 2 shows 
that 33.74% of the preservice teachers were sophomore students, 35.73% were juniors, and 30.53% 
were seniors.
A sample consisting of 655 preservice teachers was selected for the exploratory and confirmatory 
factor analyses of the STEMPCK Scale. Exploratory and confirmatory factor analyses of the scale 
were performed using this sample. According to Comrey and Lee (1992), because this scale’s 
sample group is 655, it has a “very good” rating (p. 217). Additionally, Tavşancıl (2002) also points 
out that to carry out factor analysis for a scale, the sample should be five to 10 times larger than the 
number of items. In this study, the sample is five times larger than the number of items.
Development of the STEMPCK Scale
In the process of developing an instrument to measure teachers’ STEMPCK, five stages were 
involved.
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Stage 1. To develop the STEMPCK Scale’s items, interviews were conducted with 40 students 
from different education majors, including Science Education, Mathematics Education, Early 
Childhood Education, and Elementary School Education, and 17 students from the Computer 
Science department. In the interviews, students were asked open-ended questions regarding what 
they thought about content knowledge, STEM content knowledge, PCK, 21st-century skills, STEM 
integration knowledge, and STEM integration.
Stage 2. Before the scale was developed, an extensive review of the literature was conducted. 
This literature review included studies focused on the STEM disciplines; teaching the STEM 
disciplines; and scales to determine teachers’ PCK, technological PCK, and engineering PCK 
(e.g., Aksu, Metin, & Konyalıoğlu, 2014; Bukova-Güzel et al., 2013; Brenneman, 2011; Campbell, 
Abd-Hamid, & Chapman, 2010; Enochs, Smith, & Huinker, 2000; Faber et al., 2013; Halim, Mohd 
Meerah, Zakaria, Syed Abdullah, & Tambychik, 2012; Kelleys & Knowles, 2016; Kiray, 2016; 
Kloosterman & Stage, 1992; Koehler et al., 2011; Önal, 2016; Ryang, 2014; Schmidt et al., 2009; 
Unfried, Faber, Stanhope, & Wiebe, 2015; Viiri, 2003; Yıldırım & Selvi, 2015, Yusof et al., 2012).
Stage 3. The knowledge gained from the literature and the data gathered from interviews 
Table 2
Frequency and Percentage Distribution of Preservice Teachers by Grade Level (N = 655)
Major f %
Sophomore
Science Education 47 7.18
Mathematics Education 48 7.33
Early Childhood Education 55 8.40
Elementary School Education 71 10.84
Total 221 33.74
Junior
Science Education 21 3.21
Mathematics Education 40 6.11
Early Childhood Education 60 9.16
Elementary School Education 113 17.25
Total 234 35.73
Senior
Science Education 17 2.60
Mathematics Education 37 5.65
Early Childhood Education 61 9.31
Elementary School Education 85 12.98
Total 200 30.53
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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were used to develop a draft scale that included 72 items about STEMPCK. These items were 
placed under the themes: STEM content knowledge, STEM integration knowledge, pedagogical 
knowledge, 21st-century skills knowledge, and context knowledge.
Stage 4. Afterwards, to ensure content validity of the STEMPCK Scale, the draft scale was sent 
to six experts. Four of those experts were in the STEM field; one was in the Evaluation, Measurement, 
and Research Design department; and the last was an expert in PCK. The experts were asked to 
examine items regarding to their relevance to content coverage, understandability, and consistency 
among items. Experts’ suggestions about clarity of items were taken into consideration, and any 
necessary changes were made.
Stage 5. The final version of the 72-item draft scale was administered to 60 preservice teachers. 
Preservice teachers checked the comprehensibility of all developed items. Then, the items on the 
scale were rearranged based on statistical results. The last version, consisting of 56 items that 
were rated on a 5-point scale, was administered to 655 preservice teachers. Preservice teachers’ 
responses were analyzed using SPSS Statistics (Version 17) and LISREL (Version 8).
Factor Analysis of the STEMPCK Scale and Reliability Analyses
To conduct a descriptive factor analysis of the scale, the final draft of the STEMPCK instrument 
was administered to 433 preservice teachers. The confirmatory factor analysis of the scale was 
performed using data from 212 preservice teachers. The validity and reliability analyses of the 
scale were calculated using SPSS Statistics (Version 17) and LISREL (Version 8). The results of 
the exploratory and confirmatory factor analyses of the STEMPCK Scale are explained below.
Results of the exploratory factor analysis. Factor analysis is a collection of methods used to 
examine how underlying factors influence the variable (Büyüköztürk, 2006). There are two types 
of factor analyses: exploratory factor analysis and confirmatory factor analysis. Exploratory factor 
analysis attempts to investigate underlying factors, and confirmatory factor analysis tests how well 
the measured variables represent the number of constructs. Exploratory factor analysis was used in 
this study to determine the factoring situation of the items in the scale and their factor loads.
After conducting the exploratory factor analysis, the researchers performed a confirmatory 
factor analysis on the scale. The scale’s compliance with the factor analysis was assessed with 
the Kaiser-Meyer-Olkin (KMO) test and the Bartlett test. The KMO value of the 56-item scale 
was calculated as 0.88, and the Bartlett test was determined to be significant (χ2 = 7722,135, 
df = 1540, p < .05). The data were determined to be suitable for factor analysis because the KMO 
coefficient was bigger than 0.60 and because the Bartlett test was significant (Büyüköztürk, 2006).
Varimax analysis was applied to bring together factors with high correlations (Doğan, 2011). 
Based on the varimax analysis, three factors’ eigenvalues were found to be greater than 1. 
To calculate eigenvalue, a scree plot method was used. A scree plot shows the eigenvalues on the 
y-axis and the number of factors on the x-axis. Figure 1 shows the maximum number of factors. 
Additionally, after the sixth factor, the graph shows accelerated decline, meaning that seventh and 
eight factors’ variances were close to each other. This shows that the scale has a six-factor structure 
(Büyüköztürk, 2006).
As shown in Figure 1, the eigenvalues of the six factors on the scale (21st-Century Skills 
Knowledge, Pedagogical Knowledge, Mathematical Knowledge, Science Knowledge, Engineering 
Knowledge, and Technology Knowledge) were 14.928, 4.354, 3.065, 2.315, 2.267, and 2.00, 
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respectively. These values were above 1. However, the percentages of variance explained by the 
factors were 26.657%, 7.774%, 5.774%, 4.133%, 4.049%, and 3.571%, respectively.
Reliability analysis. The STEMPCK Scale’s internal consistency coefficient was calculated, 
and the Cronbach’s Alpha values are presented in Table 3. The Cronbach’s Alpha value was .95 
for the entire STEMPCK Scale, .90 for the 21st-Century Skills Knowledge dimension, .87 for the 
Pedagogical Knowledge dimension, .85 for the Mathematical Knowledge dimension, .86 for the 
Science Knowledge dimension, .81 for the Engineering Knowledge dimension, and .78 for the 
Technology Knowledge dimension.
The variance quantities were ranked as follows: 21st-Century Skills Knowledge was 
26.657%, Pedagogical Knowledge was 7.774%, Mathematical Knowledge was 5.774%, Science 
Knowledge was 4.133%, Engineering Knowledge was 4.049%, and Technology Knowledge was 
3.571% (see Table 4). After factor rotation, the number of items for each factor was determined: 
21st-Century Skills Knowledge included 15 items with factor loads ranging from 0.423 to 0.760, 
Pedagogical Knowledge consisted of 12 items with factor loads ranging from 0.434 to 0.724, 
Mathematical Knowledge consisted of eight items with factor loads ranging from 0.435 to 0.811, 
Science Knowledge consisted of eight items with factor loads ranging from 0.524 to 0.785, 
Engineering Knowledge consisted of seven items with factor loads ranging from 0.493 to 0.754, 
and Technology Knowledge consisted of seven items with factor loads ranging from 0.463 to 0.734. 
The results indicate that the SPAB’s items corrected item-total correlation ranged from 0.306 to 
Figure 1. Scatter graph.
Table 3
Cronbach’s Alpha Values for the STEMPCK Scale and Its Components
Dimension Cronbach’s α
STEMPCK Scale .95
21st-Century Skills Knowledge .90
Pedagogical Knowledge .87
Mathematical Knowledge .85
Science Knowledge .86
Engineering Knowledge .81
Technology Knowledge .78
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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Table 4
Results of the Exploratory Factor Analysis of the STEMPCK Scale
Item M SD
Item-total 
correlation
t-value 
(bottom 27%, top 27%)a
Rotator factor 
load
Common 
factor load
21st-Century Skills Knowledge
CS4 4.42 .714 .511 1.275 .760 .626
CS5 4.26 .726 .534 1.302 .707 .599
CS7 4.40 .794 .489 0.665 .695 .571
CS3 4.34 .718 .536 2.101 .691 .583
CS1 4.30 .718 .574 1.275 .607 .542
CS9 4.45 .915 .384 0.601 .595 .416
CS13 4.26 .718 .595 0.400 .581 .511
CS11 4.16 .856 .438 0.988 .563 .393
CS15 4.42 .795 .449 0.957 .562 .427
CS12 4.09 .791 .535 1.642 .562 .448
CS2 4.21 .700 .563 1.801 .539 .487
CS6 3.99 .843 .558 0.906 .526 .425
CS8 4.14 .814 .540 0.800 .447 .381
CS14 4.07 .857 .402 2.359 .423 .436
Pedagogical Knowledge
PK12 4.13 .707 .508 1.311 .724 .584
PK5 3.96 .750 .480 1.127 .689 .541
PK10 4.15 .719 .403 1.847 .674 .488
PK11 3.79 .825 .445 0.400 .633 .476
PK13 4.17 .726 .465 1.839 .629 .501
PK6 4.16 .722 .487 2.532 .613 .472
PK4 4.16 .662 .493 0.406 .601 .452
PK1 4.33 .817 .405 0.781 .559 .400
PK7 4.33 .676 .539 1.948 .543 .534
PK8 4.25 .703 .467 0.994 .528 .451
PK9 4.04 .717 .430 2.052 .518 .361
PK3 3.85 .861 .435 1.371 .434 .312
0.895. T-tests comparing the total scores of the bottom 27% and top 27% for each item indicated 
that there was an important difference in scores for all items. The scores of the top 27% and bottom 
27% of the total group tell us whether an item has discriminated the high scorers and low scorers 
on the scale.
As shown in Table 5, the correlations between the 21st-Century Skills Knowledge and 
Pedagogical Knowledge factors (r = .425), the 21st-Century Skills Knowledge and Mathematical 
Knowledge factors (r = .417), the 21st-Century Skills Knowledge and Science Knowledge factors 
Journal of STEM Teacher Education Vol. 53 No. 2, Fall 2018
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Mathematical Knowledge
M2 3.91 .908 .514 1.268 .811 .745
M4 3.49 1.05 .433 0.781 .706 .542
M6 3.74 .957 .440 0.986 .698 .608
M1 3.68 .969 .492 1.602 .698 .575
M9 3.39 .950 .439 0.566 .668 .530
M3 3.15 .858 .341 0.307 .662 .600
M5 3.82 .870 .347 1.766 .495 .307
M10 3.52 1.08 .490 1.426 .405 .405
Science Knowledge
S5 3.34 .902 .495 2.613 .785 .682
S7 2.85 1.04 .498 0.713 .710 .596
S4 3.50 .916 .502 1.205 .703 .611
S9 3.48 1.21 .369 0.783 .682 .529
S3 3.61 .909 .442 1.171 .673 .563
S1 3.67 .890 .396 1.443 .635 .475
S8 3.55 .960 .451 1.128 .547 .460
S2 3.04 .980 .408 0.863 .524 .417
Engineering Knowledge
E4 2.95 1.11 .341 2.827 .754 .616
E5 3.34 1.16 .353 1.675 .695 .593
E2 2.68 .964 .346 2.377 .689 .541
E3 2.51 .976 .341 1.977 .682 .575
E7 2.82 .996 .317 2.530 .657 .482
E9 3.90 .990 .372 0.692 .502 .363
E8 4.00 .941 .323 0.818 .493 .327
Technology Knowledge
T6 3.29 .977 .401 0.430 .734 .625
T1 3.43 .837 .322 0.992 .692 .516
T4 3.66 .933 .410 0.434 .649 .504
T5 3.37 .922 .462 1.130 .616 .497
T9 3.37 .937 .306 1.507 .511 .368
T2 4.02 .741 .450 0.854 .509 .451
T10 4.00 .699 .426 0.484 .463 .331
Note. Factor load values lower than .30 are not shown in this table (Çokluk, Şekercioğlu, & Büyüköztürk, 
2014).
a The results of the t-value comparing the 27% of the students and the top and the 27% at the bottom shows 
that there is a significant difference in scores from all items (Wiersma & Jurs, 1990).
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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(r = .421), the 21st-Century Skills Knowledge and Engineering Knowledge factors (r = .261), and 
the 21st-Century Skills Knowledge and Technology Knowledge factors (r = .660) were statistically 
significant (p < .01). Moreover, the correlations between the Pedagogical Knowledge and 
Mathematical Knowledge factors (r = .389), the Pedagogical Knowledge and Science Knowledge 
factors (r = .361), the Pedagogical Knowledge and Engineering Knowledge factors (r = .508), 
and the Pedagogical Knowledge and Technology Knowledge factors (r = .427) were significant 
(p < .01). In addition, the correlations between the Mathematical Knowledge and Science Knowledge 
factors (r = .485), the Mathematical Knowledge and Engineering Knowledge factors (r = .323), 
and the Mathematical Knowledge and Technology Knowledge factors (r = .474) were significant 
(p < .01). Similarly, the correlations between the Science Knowledge and Engineering Knowledge 
factors (r = .330, p < .01) and the Science Knowledge and Technology Knowledge factors (r = .507) 
were significant (p < .01). In brief, the correlations between the subdimensions of the STEMPCK 
Scale appeared to be significantly positive. The lowest correlation between the subdimensions of 
the STEMPCK Scale was 0.261, and the highest correlation was 0.660.
Results of the confirmatory factor analyses. As mentioned previously, exploratory factor 
analysis of the STEMPCK Scale was conducted with Study Group 1, and confirmatory factor 
analysis was conducted with Study Group 2. Study Group 2 consisted of 212 preservice teachers 
in the Mathematics Education, Science Education, Early Childhood Education, and Elementary 
School Education programs. A confirmatory factor analysis using the structural equation model 
was conducted to determine the existing structure of the scale (see Figure 2).
Model conformity of the STEMPCK Scale was tested by criteria such as the Goodness of 
Fit Index (GFI), the Adjusted Goodness of Fit Index (AGFI), the Root Mean Square Error of 
Approximation (RMSEA), the Comparative Fit Index (CFI), and the Normed Fit Index (NFI; 
Kılıç & Şen, 2014). Chi-square (χ2), χ2/SD, RMSEA, RMR, GFI, and AGFI are commonly used in 
confirmatory factor analysis. In large samples, calculated χ2/df ratio can also be used as a criterion 
Table 5
Correlation Values for STEMPCK Scale Components’ Mean Values and Standard Deviations
Factor
21st-Century 
Skills  
Knowledge
Pedagogical 
Knowledge
Mathematical 
Knowledge 
Science 
Knowledge
Engineering 
Knowledge
Technology 
Knowledge
21st-Century 
Skills Knowledge
---
Pedagogical 
Knowledge
.425** ---
Mathematical 
Knowledge
.417** .389** ---
Science  
Knowledge
.421** .361** .485** ---
Engineering 
Knowledge
.261** .508** .323** .330** ---
Technology 
Knowledge
.660** .427** .474** .507** .280** ---
** p < .01.
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Chi-Square = 1701.54     df = 1469     p-value = .00002     RMSEA = 0.034
Figure 2. Confirmatory factor analysis of the STEMPCK Scale.
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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for conformity adequacy. If calculated χ2/df ratio is (1) χ2 / df < 3, it can be regarded as good fit; if 
it is up to (2) χ2 / df <5, it can be regarded as sufficient.
If the GFI and AGFI values are higher than 0.90 (Hooper, Coughlan, & Mullen, 2008; 
Sümer, 2000) and the RMR and RMSEA values are lower than 0.05 (Jöreskog & Sörbom, 1993; 
Sümer, 2000), model–data fit is good. However, if the GFI value is higher than 0.85, the AGFI 
is higher than 0.80, and the RMR and RMSEA values are lower than 0.080, model–data fit is 
acceptable (Anderson & Gerbing, 1984; Hu & Bentler, 1999; Sümer, 2000). The results of the 
confirmatory factor analysis for the STEMPCK Scale are shown in Table 6.
According to the confirmatory factor analysis results, conformity between structural equation 
model and scale was high. Additionally, the Chi-square value was found to be significant. The value 
of χ2 depends on the size of the sample, and when the size of the sample increases, it provides 
significant results. Briefly, when the Chi-square value (χ2) is divided by the value of the degrees 
of freedom (df), it shows that the value is less than 3; in other words, based on the results, the 
model–data fit was high. In addition, if the CFI, NFI, and AGFI values are above 0.90, it indicates 
that the model–data fit is good. Also, if RMSEA value is 0.034, it indicates that the model–data 
fit is high. According to confirmatory factor analysis, it was determined that the STEMPCK Scale 
consists of six subdimensions and that model–data fit was high.
Discussion
The STEM disciplines (science, technology, engineering, and mathematics), Shulman’s model 
of PCK, and theoretical knowledge were used as a basis for the STEMPCK Scale, and items were 
written based on extensive review of the literature (e.g., Aksu et al., 2014; Bukova-Güzel et al., 
2013; Brenneman, 2011; Campbell et al., 2010; Enochs et al., 2000; Faber et al., 2013; Kelleys & 
Knowles, 2016; Kiray, 2016; Kloosterman & Stage, 1992; Koehler et al., 2011; Önal, 2016; Ryang, 
2014; Schmidt et al., 2009; Unfried et al., 2015; Viiri, 2003; Yusof et al., 2012) and interviews. The 
results of the varimax analyses shaped the factors in the STEMPCK Scale. The STEMPCK Scale 
consisted of six factors: 21st-Century Skills Knowledge, Pedagogical Knowledge, Mathematical 
Knowledge, Science Knowledge, Technology Knowledge, and Engineering Knowledge. The total 
variance of these six factors was 51.958%, and the Cronbach’s Alpha value of the scale was 0.95. 
The Cronbach’s Alpha value was calculated as 0.90 for 21st-Century Skills Knowledge, 0.87 for 
Pedagogical Knowledge, 0.85 for Mathematical Knowledge, 0.86 for Science Knowledge, 0.81 for 
Engineering Knowledge, and 0.78 for Technology Knowledge. These results show that the developed 
STEMPCK Scale is reliable.
Additionally, based on the confirmatory factor analysis results, the CFI, GFI, IFI, NFI, and 
AGFI values were higher than 0.90, indicating that model–data fit was high (Hooper et al., 2008; 
Sümer, 2000). In addition, the SRMR and RMSEA values (0.043 and 0.034, respectively) were 
Table 6
Fit Indices of STEM Pedagogical Content Knowledge and Acceptable Fit Indices Values
Chi-square 
value
p-value CFI NFI GFI AGFI IFI SRMR RMSEA
1701.54 p < .05 0.93 0.93 0.99 0.97 0.93 0.043 0.034
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less than 0.05, indicating that model–data fit was high (Anderson & Gerbing, 1984; Hooper et al., 
2008; Jöreskog & Sörbom, 1993; Sümer, 2000; Hu & Bentler, 1999). According to the confirmatory 
factor analysis results, model–data fit was high, and the STEMPCK Scale was found to have six 
subdimensions. This scale was found to be valid and reliable based on the results of the exploratory 
and confirmatory factor analyses.
The STEMPCK Scale was developed to assess preservice teachers’ STEMPCK. Understanding 
of teacher candidates’ STEMPCK will help teacher educators strengthen their courses and identify 
gaps in teacher candidates’ knowledge that need to be addressed.
Conclusion
The STEMPCK Scale is a valid and reliable instrument that will be used to measure 
STEMPCK for prospective teachers. A review of the literature found that there were no valid and 
reliable STEMPCK instruments for preservice and in-service teachers. Therefore, this study will 
contribute to this side of the STEMPCK literature. The validity and reliability of the instrument 
was determined using data from 655 students in Science Education, Mathematics Education, 
Elementary School Education, and Early Childhood Education. However, to use this instrument 
with different groups, the validity and reliability of the instrument would first need to be tested 
with those groups.
Some limitations were present in the study. This study was conducted with preservice teachers 
in the Mathematics Education, Science Education, Early Childhood Education, and Elementary 
School Education programs in the fall semester of 2017 in a public university in Turkey. Additional 
research is needed to administer the STEMPCK Scale in different groups or departments (e.g., the 
chemistry teaching department or the physics teaching department). Furthermore, during the pilot 
study, interviews were conducted with 40 students from the school of education and 17 students 
from the school of engineering. Because only one department (the computer science department) 
actively accepts students,1 only students from that department were invited to participate in this 
study, and the researchers conducted interviews with them. Researchers first started the study by 
reviewing and analyzing the literature about PCK. From various different conceptions given by 
the scholars, the researchers synthesized their own conception about the constructs to represent 
the scope of PCK needed by teachers in order to teach STEM subjects in the classrooms. 
Finally, this is the first study examining this instrument, and additional studies are needed to furnish 
more evidence of construct validity.
The STEMPCK Scale is a robust instrument that elementary, middle, and high school STEM 
education program leaders and teacher educators can use to identify what preservice and in-service 
teachers know in general and what they do not know. Because this instrument is new, researchers are 
also encouraged to continue testing and refining the scale’s content. Finally, this instrument could 
contribute to studies on teacher professional development and teacher education programs. Gaps 
in teachers’ knowledge that are identified can be used as guidelines for planning more effective 
professional development programs for teachers.
                            
1  Due to an insufficient number of faculty members, our university has not completed the conditions 
required by the Council of Higher Education to accept student to other STEM departments.
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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AbstrAct
Although studies have examined teachers’ science process skills, little is known about the 
extent to which in-service elementary teachers are familiar with science process skills and 
are interested in learning more about science process skills. Therefore, the purposes of 
this research study were to determine (a) in-service elementary teachers’ familiarity with, 
interest in, conceptual knowledge of, and performance on science process skills and (b) how 
in-service elementary teachers’ familiarity with, interest in, conceptual knowledge of, and 
performance on science process skills relate to each other. Forty-eight elementary teachers 
in 21 schools in the United States participated in this study. Data were collected using 
the Familiarity With Science Process Skills Questionnaire, the Conceptual Knowledge of 
Science Process Skills Test, the Science Process Skills Performance Test, and the Interest 
in Science Process Skills Survey. Results indicate that most teachers expressed high levels 
of familiarity with science process skills. Teachers performed well on the Science Process 
Skills Performance Test. In contrast, teachers demonstrated low conceptual knowledge of 
the science process skills. However, teachers expressed high levels of interest in learning 
more about science process skills. Specifically, teachers showed a significantly higher 
interest in learning more about the integrated process skills than the basic process skills. 
Correlations among familiarity, conceptual knowledge, performance, and interest were only 
significant between familiarity and interest. These findings have implications for science 
teaching, learning, and teacher education.
Keywords: Conceptual understanding; Familiarity; Interest; Science process skills; Teacher
In the United States, the Framework for K-12 Science Education (National Research Council 
[NRC], 2012) and the Next Generation Science Standards (NGSS; NGSS Lead States, 2013) 
emphasize science process skills through science practices in K–12 science classrooms. These 
science education reforms and standards also suggest that K–12 students should combine processes 
and scientific knowledge as they use scientific reasoning and critical thinking to develop their 
understanding of science and scientific inquiry process. Likewise, the science education community 
encourages teacher preparation programs to emphasize science process skills to develop science 
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teachers who are competent in teaching science through inquiry (Capps, Crawford, & Constas, 
2012; Lotter et al., 2018). However, research studies continue to show that many elementary science 
teachers lack science process skills (Morrison, 2013; Plummer & Ozcelik, 2015). This is a major 
concern in the United States, where most elementary teachers have less coursework in science. 
Yet, science process skills are essential for teaching science content knowledge and scientific 
inquiry (Nivalainen, Asikainen, & Hirvonen, 2013; Oh, 2011). As such, science educators have 
raised doubt about whether elementary teachers can effectively teach science process skills to their 
students (Gunckel, 2013; Mbewe, Chabalengula, & Mumba, 2010). As elementary science teachers, 
they must make pedagogical decisions that can promote meaningful science content learning and 
development of science processes skills in students. Therefore, the success of providing quality 
inquiry science instruction in elementary schools will largely depend on teachers’ science process 
skills and their implementation of science inquiry activities that enhance students’ science process 
skills. Marshall, Smart, and Alston (2017) pointed out that science process skills foster significant 
increases in students’ science content knowledge. They further argued that science content and 
science process skills should be taught together because they complement each other. Similarly, 
Nugent et al. (2012) asserted that both science content and science process skills are mutually 
valuable and complementary. Kang, Bianchini, and Kelly (2013) also underscored how science 
process skills provide a foundation for inquiry. Therefore, elementary education teachers’ sufficient 
understanding of science content knowledge and science process skills are essential elements for 
effective inquiry science teaching in their science classrooms. On the other hand, teachers who are 
deficient in science process skills are less equipped to use inquiry in their classrooms (Marshall, 
Horton, Igo, & Switzer, 2009). Likewise, teachers’ who are not familiar with science process skills 
or have low or no interest in science process skills are unlikely to teach science using inquiry and, 
subsequently, fail to develop science process skills in their students.
Teacher competence in science process skills has also been found to promote a positive attitude 
toward science. For example, Downing & Filer, 1999) reported that teachers who had a low 
understanding of science process skills are less likely to have a positive attitude toward them and 
are, therefore, less likely to teach them to their students. The avoidance of teaching science process 
skills can be detrimental because science process skills instruction also promotes positive attitudes 
toward science in students (Qureshi, Vishnumolakala, Southam, & Treagust, 2017). Therefore, 
teachers must be adequately prepared in science process skills as well as be familiar with and have 
sound conceptual knowledge of science process skills to effectively teach them to their students.
Although several studies have examined teachers’ science process skills, little is known about 
the extent to which in-service elementary teachers are familiar with science process skills and 
their levels of interest in learning more about science process skills. We did not find a study that 
examined teachers’ levels of familiarity with and interest in learning more about science process 
skills emphasized in science education reforms and standards. Yet, research shows that teachers’ 
familiarity with and interest in subject matter knowledge or skills have influence on their instructional 
practice and, subsequently, on student achievement (Marshall, Smart, & Alston, 2017). As such, 
it is possible to assume that teachers who are not familiar with or are less interested in learning 
more about science process skills are unlikely to teach them well in their science classes and, 
subsequently, affect student’s acquisition of process skills and understanding of science concepts. 
Familiarity with science subject matter knowledge contributes to teachers’ pedagogical content 
knowledge for effective science teaching. Similarly, individuals interest in science have may have 
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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significant influence on their desire to learn more about its content and scientific processes. As 
such, elementary teachers’ willingness to learn more about science process skills or teach them to 
their students may largely depend on their interest in them. Interest is significant in determining 
how individuals choose and process certain types of information in preference to others (Hidi, 
1990). It is also argued that when learners have a well-developed individual interest, they strive to 
maximize learning because they need to have positive feelings about the learning material.
In view of the above, examination of elementary education teachers’ levels of familiarity with 
science process skills and their interest in learning more about them is needed because it may 
contribute to better inquiry science teaching and learning in schools. Additionally, examination of 
elementary teachers’ interest in science process skills may serve as a measure of their willingness 
to learn more about them. Therefore, the purposes of this research study were to determine (a) 
in-service elementary teachers’ familiarity, interest, conceptual knowledge of, and performance 
on science process skills and (b) how in-service elementary teachers’ familiarity with, interest in, 
conceptual knowledge of, and performance on science process skills relate to each other. This study 
focused on elementary education teachers’ familiarity with, interest in, conceptual knowledge of, 
and performance on basic and integrated process skills that are prescribed in science education 
reforms (NRC, 1996, 2012) and school science curriculum. The basic science process skills are 
observing, measuring, classifying, inferring, predicting, and communicating. The integrated science 
process skills are interpreting data, identifying and controlling variables, graphing, formulating 
models, hypothesizing, and experimenting (NRC, 1996).
Research Questions
This study was guided by the following research questions:
1. What are elementary science teachers’ levels of familiarity, understanding, performance, 
and interest in learning more about science process skills emphasized in K–12 science 
education reforms?
2. Are there differences between and within elementary science teacher subgroups’ familiarity, 
conceptual knowledge, performance, and interest in learning more about science process 
skills?
3. What is the relationship between elementary science teachers’ familiarity, conceptual 
knowledge, performance, and interest in learning about science process skills?
Significance of the Study
This study is significant for four reasons. First, this study contributes to the existing literature 
on science process skills, teacher understanding of science process skills, and inquiry-based 
science teaching and learning. Second, it expands the current literature by examining elementary 
education teachers’ familiarity with and interest in science process skills, which have not been 
addressed in previous research studies. As such, the science education community may find the 
relationship between teachers’ familiarity, interest, and conceptual knowledge and performance 
useful in science teaching and learning. Third, the findings of this study are of significance to 
science teachers, school administrators, science teacher educators, science curriculum designers, 
professional development providers, and science education researchers. For example, science 
teacher educators’ awareness of elementary teachers’ familiarity with and interest in the science 
process skills can greatly influence their decisions in planning science content and methods courses 
Journal of STEM Teacher Education Vol. 53 No. 2, Fall 2018
24
for elementary preservice teachers and professional development programs for in-service teachers. 
As such, the findings in this study have the potential to contribute to better development of pre- 
and in-service teachers’ science process skills by making explicit their importance in science 
education overall. Further, teacher educators can use the science process skills in such a manner 
to demonstrate and, subsequently, teach their necessity in doing inquiry activities. As a result, 
elementary teachers would be better equipped to do inquiry and teach their students science process 
skills and, consequently, help students reap the immense benefits that solid understanding of these 
skills provide. Science curriculum developers could use the results as guides to develop effective 
inquiry-based science activities and units for elementary teachers and students. Science teachers 
would become aware of what needs to be improved with regard to teaching of science process 
skills in elementary science classrooms. Similarly, school administrators would become aware of 
how they can support their teachers to effectively teach science process skills and science using 
inquiry. Science education researchers may use the findings of this study as the starting points for 
further research on science process skill in teacher education and science classrooms.
Literature Review
Teachers’ Science Process Skills
Research studies on teachers’ science process skills range from teachers’ understanding to 
their attitudes toward science. For example, Karsli, Sahin, and Ayas (2009) reported that teachers 
seriously lacked understanding of science process skills, and the application of science process 
skills by these teachers were dependent upon their ability to perform them. Teachers that did not 
use the science process skills or did not understand the science process skills gave standard excuses 
such as time or resources. Similarly, Farsakoğlu, Şahin, Karsli, Akpinar, and Ültay (2008) found 
that preservice teachers could not comprehend and describe the science process skills adequately 
and confused the skills with Blooms Taxonomy, problem solving, and Piaget’s Formal Operational 
Stage. Emereole (2009) also found that high school teachers did not have sufficient conceptual 
knowledge of science process skills to help their students understand scientific inquiry in a 
meaningful way. Further, students’ and teachers’ views of science processes did not corroborate 
their demonstrated ability to provide acceptable conceptual definitions of the processes.
Other studies have examined the association between teachers’ science process skills and their 
attitudes toward science (e.g., Downing & Filer, 1999; Palmer, 2004). For example, Downing and 
Filer (1999) found a moderate relationship between teachers’ science process skills and attitudes 
toward science, leading to the conclusion that the better a teacher performs on science process 
skills, the better his or her attitude is toward science. Research continues to point out the impact 
of positive attitudes on teaching science; therefore, teacher education programs should emphasize 
the science process skills.
Inquiry and Science Process Skills in Science Classrooms
Several studies have explored the relationship between teachers’ inquiry-based science 
instruction and student achievement. For example, Bilgin (2006) found that in addition to a more 
positive development of science process skills, attitudes toward science process skills were more 
positive in students who had a hands-on inquiry approach than those who did not. Similarly, Geier 
et al. (2008) reported that science curriculum emphasizing inquiry increased gains on achievement 
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tests for students. Mehalik, Doppelt, and Schunn (2008) also found that inquiry enhanced students’ 
achievement in science and retention, particularly for minority groups. Minner, Levy, and Century 
(2010) reviewed research studies on inquiry and concluded that inquiry increased students’ 
conceptual understanding , and just over half of the studies showed “positive impacts of some 
level of inquiry science instruction on student content learning and retention” (p. 487). Similarly, 
Emden and Sumfleth (2016) also reported that science process skills are essential to doing inquiry 
because they provide foundation to science learning.
Summary
Studies show that most teachers lack sound understanding of science process skills and that 
there are positive relationships between teachers’ understanding of science process skills, their 
attitudes toward science, and student achievement. However, little is known about elementary 
school teachers’ levels of familiarity and interest in learning more about the science process skills 
prescribed in science education reforms and standards. As such, this study extended previous 
studies on teachers’ understanding of science process skills by exploring elementary education in-
service science teachers’ levels of familiarity with, conceptual knowledge of, performance on, and 
interest in learning about basic and integrated science process skills.
Methodology
Participants
The sample comprised 48 elementary education in-service teachers in 21 elementary schools 
in the Midwestern United States. All the teachers were certified to teach Grades 1–8. Most of the 
teachers were teaching science and other core subjects, including language arts and mathematics. 
Their teaching experience ranged from 5 to 20 years. There were 12 males and 36 females. In the 
United States, elementary education teachers don’t specialize in one subject areas like secondary 
school science teachers do; however, they have one or two concentration areas in which they take 
more content courses. Although elementary teachers don’t specialize in science like secondary 
school science teachers, we can assume that they learn more about science content knowledge and 
science process skills as they teach their students.
Data Collection Instruments and Procedures
Data were collected using four instruments that were developed by the authors: the Familiarity 
With Science Process Skills Questionnaire, the Conceptual Knowledge of Science Process Skills 
Test, the Science Process Skills Performance Test, and the Interest in Science Process Skills Survey. 
First, the 13-item Familiarity With Science Process Skills Questionnaire was administered to rate 
their familiarity with each science process skill by choosing “Term Not familiar to me”; “Term 
Familiar to me but not understood”; or “Term Familiar to me, and I understand its meaning.” 
Second, teachers responded to the 13-item Conceptual Knowledge of Science Process Skills Test. 
They were asked to define, describe, or explain each science process skill in their own words. 
Third, the 48-item multiple-choice Science Process Skills Performance Test was administered to 
teachers to assess their performance on the 13 science process skills studied in this study. This test 
was written in a multiple-choice format, with each item having four possible answers to choose 
from. The test was developed using questions from the Test of Integrated Process Skill II (Burns, 
Okey, & Wise, 1985), the Test of Basic Process Skills (Padilla, Cronin, & Twiest, 1985), and the 
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Virginia Standards of Learning Assessments (Virginia Department of Education, 2007a, 2007b). 
Each multiple-choice item was correlated with a specific science process skill. The compilation 
of questions was done to obtain a wide variety of questions and skills. Of the 48 questions, 19 
questions (39.6%) focused on the six basic process skills and 29 questions (60.4%) focused on the 
seven integrated process skills. At least three questions addressed each science process skill to gain 
multiple opportunities to examine performance on a science process skill. For example, questions 
on classifying asked participants to fit an item into a provided classification system (see Figure 1) 
and how they would classify a group of items (see Figure 2).
Some questions provided scenarios and asked subsequent questions attending to multiple 
skills, thereby increasing the total number of items for some skills. For example, Questions 5–8 
all referred to a scenario about growing tomato plants and addressed the skills of hypothesizing, 
controlling variables, and identifying variables. Finally, the 13-item Interest in Science Process 
Skills Survey was administered to teachers to measure their levels of interest in learning more 
about science process skills. They rated their interest in learning more about each science process 
skills by choosing one of the following: “Not at all interested in learning more,” “Interested in 
learning more,” or “Very interested in learning more.”
Instrument Reliabilities and Validities
Reliability of the familiarity and interest instruments, and conceptual knowledge and 
performance tests were determined by computing Cronbach’s alpha (α) values. Cronbach’s alpha 
values were 0.923 for the Familiarity With Science Process Skills Questionnaire, 0.917 for the 
Interest in Science Process Skills Survey, 0.783 for the Conceptual Knowledge of Science Process 
Skills Test, and 0.762 for the Science Process Skills Performance Test. These values are acceptable 
measures of reliability because they are more than 0.70 the threshold value of acceptability as a 
measure of reliability (Cohen, 1988). Content and construct validities of the instruments were 
Question 22: Falan and her father went to the pet store. They 
classified the animals they saw this way.
Which animal belongs in Box 1?
A. Fish
B. Lizard
C. Rabbit
D. Mouse
Figure 1. Question 22, which asked participants to fit an item into a provided classification system.
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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established with the help of three science education experts. They independently checked for the 
extent to which the items in the instruments were assessing the science process skills prescribed in 
science education reforms and standards. On construct validity, the same experts looked at whether 
the questions in the instruments were worded so that the research participants could understand 
them. Table 1 shows the interrater measure of agreement of the three experts on the performance 
test items. The kappa values were high, and interrater measures were significant for all three raters 
of the test items.
Data Analysis
Participants’ responses to items in the Familiarity With Science Process Skills Questionnaire 
and the Interest in Science Process Skills Survey were assigned a score. For the familiarity 
questionnaire, “Term Not familiar to me” was assigned a score of 1; “Term Familiar to me but 
not understood” was assigned a score of 2; and or “Term Familiar to me, and I understand its 
Question 40: Charlie and Carole collected a basket of shells. They wanted 
to sort the shells into 2 groups. What would be the best way to sort them?
A. By shape
B. By age
C. By color
D. By where they were found
Figure 2. Question 40, which asked participants how they would classify a group of items.
Table 1
Interrater Measure of Agreement on Performance Test (N = 48)
Rater comparison Cohen’s kappa Asymptotic standard error Approximate Tb p-value
R1 vs. R2 .840 .056 18.983 .000*
R1 vs. R3 .727 .068 16.852 .000*
R2 vs. R3 .724 .068 16.170 .000*
Average .764 .064 17.335 .000*
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3.
* p < .05.
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meaning” was assigned a score of 3. Similarly, for the interest survey, “Not at all interested in 
receiving more information” was assigned a score of 1, “Interested in receiving more information” 
was assigned a score of 2, and “Very interested in receiving more information” was assigned a 
score of 3. Participants’ responses to Conceptual Knowledge of Science Process Skills Test items 
were scored by matching participants’ responses with the standard definitions, explanations, and 
descriptions of the process skills (see Table 2). Standard definitions, explanations, and descriptions 
of the 13 science process skills were developed by researchers using several research articles 
(e.g., Emereole, 2009; Lancour, 2004; Valentino, 2000) and science textbooks devoted to science 
Table 2
Standard Descriptions of Science Process Skills Surveyed in This Study
Science process skill Description
Basic science process skills
Classifying The process of grouping or ordering objects or events into categories based on 
properties, characteristics, criteria, or an established scheme.
Predicting Stating the outcome of a future event based on a pattern of evidence, past expe-
rience, or observations.
Inferring The process of making suggestions, conclusions, assumptions, or explanations 
about a specific event based on observation and data.
Measuring The process of using standard and nonstandard measures or estimates and their 
appropriate instruments to describe the dimensions of an object, substance, or 
event in quantitative terms.
Communicating The process of using words, symbols, graphics, and other written or oral rep-
resentations to describe and exchange information, such as an action, object or 
event, from one person or system to another.
Observing The process of using the five senses to gather information about an object or 
event.
Integrated science process skills
Interpreting data The process of treating or transforming data through finding patterns, graphs, 
or tables in order to make it meaningful and draw conclusions from it.
Experimenting The process of determining and executing reasonable procedures to test an idea 
or hypothesis using observation, identifying and controlling variables, collect-
ing and interpreting data, measuring, and manipulating materials.
Hypothesizing Stating a verifiable relationship between variables and their expected outcome 
in an experiment or problem to be solved
Formulating models The process of creating a mental, pictorial, written or physical representation to 
explain an idea, object, or event.
Identifying variables Stating the changeable factors that can affect an experiment.
Controlling variables Identifying any factors other than the manipulated variable that may affect 
the outcome of an event and keeping those factors constant for the purpose of 
determining causation.
Graphing Using information about the data as numerical quantities and converting into a 
diagram or picture that shows the relationships among the quantities.
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process skills (e.g., Chiappetta & Koballa, 2010; Ostlund, 1992; Rezba, Sprague, McDonnough, 
& Matkins, 2007).
A correct response included a similar definition, explanation, or description (a verbatim 
response was not required). A partially correct response included at least some but not all key terms 
or ideas found in the standard description; included some explanation, definition, or derivatives 
of such ideas; and showed an incomplete understanding of the science process skill. An incorrect 
response did not include key terms or ideas or was unrelated or irrelevant to the science process 
skill. A correct response received a score of 3, a partially correct response received a score of 2, and 
an incorrect response received a score of 1. Two science education experts independently analyzed 
teachers’ responses to items in the Conceptual Knowledge of Science Process Skills Test using 
the procedure described above. Then, the two met to compare and discuss their analyses. Some 
minor differences that emerged in their analyses were resolved through sustained discussions and 
re-examination of teachers’ responses and standard responses. An intercoder agreement coefficient 
was calculated using Cohen’s kappa (Cohen, 1960). This coefficient factors in chance agreement 
and represents a measure of reliability. The percentage agreement between the two raters for the 
teachers’ responses to conceptual understanding test item analyses ranged from 86.7% to 92.9% 
with a corresponding range of kappa values from 0.81 to 0.90. These statistics suggest a high 
degree of agreement between the two raters in categorizing teachers’ responses as correct, partially 
correct, or incorrect. According to Chiappetta, Fillman, and Sethna (1991), interrater agreement 
values above 75% indicate excellent percentage agreement, and kappa values below 0.4 indicate 
a poor interrater coefficient. Thereafter, means were calculated for correct, partially correct, and 
incorrect responses in the test. A total score was computed for each participant. Then, statistical tests 
were performed on the three data sets to test for differences between and within groups. Pearson 
correlation coefficients were computed to determine the extent to which teachers’ familiarity with, 
interest in, and conceptual knowledge of science process skills and their performance on science 
process skills were related. We used nonparametric tests to analyze the data because the number 
of participants in each subgroup was small and because the data from the familiarity questionnaire 
and the interest survey were ordinal in nature.
Results
Teachers’ Familiarity With Science Process Skills
Overall, most teachers (74%) said that they were familiar with the 13 science process skills 
and understood their meanings (see Table 3). About 92% of teachers reported that they were 
familiar with and understood the meaning of observing and predicting, and 88% indicated that they 
were familiar with and understood the term measuring. In the integrated process skills category, 
more than 75% of teachers reported that they were familiar with and understood the meaning of 
hypothesizing, experimenting, interpreting data, and graphing. However, 33% of teachers said that 
they were familiar with formulating models but did not understand its meaning. Table 4 shows that 
there was no significant difference (U = 9.5, p > .05) between teachers’ familiarity ratings for the 
basic and integrated science process skills. This implies that teachers were as familiar with basic 
process skills as they were with integrated process skills. Further analysis on teachers’ familiarity 
ratings compared teachers’ familiarity with science process skills across demographic variables. 
As shown in Table 5, tests revealed no significant differences in familiarity ratings across the 
demographic variables. These results suggest the homogeneity of this group.
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Conceptual Knowledge of Science Process Skills
Table 6 indicates that teachers possessed moderate to low conceptual knowledge of science 
process skills. The science process skill in which teachers possessed the highest conceptual 
knowledge was experimenting (M = 2.29). Teachers provided quality statements in defining 
experiment, using terms that indicated key terms of the standard definition such as “procedures,” 
“test a hypothesis,” and “using other process skills.” Statements such as “testing a problem using 
a scientific inquiry procedure . . . use control and variables” (Teacher 15) and “to test an idea to 
Table 3
Frequencies and Percentages for Teachers’ Familiarity With the Science Process Skills (N = 48)
Science process skill Term not familiar to me
Term familiar to me  
but not understood
Term familiar to me, and 
I understand its meaning
Basic science process skills
Observing 2 (4.2%) 2 (4.2%) 44 (91.7%)
Classifying 2 (4.2%) 8 (16.7%) 38 (79.2%)
Measuring 2 (4.2%) 4 (8.3%) 42 (87.5%)
Inferring 2 (4.2%) 16 (33.3%) 30 (62.5%)
Predicting 2 (4.2%) 2 (4.2%) 44 (91.7%)
Communicating 2 (4.2%) 10 (20.8%) 36 (75.0%)
Mean 2 (4.2%) 7 (14.6%) 39 (81.3%)
Integrated science process skills
Hypothesizing 2 (4.2%) 8 (16.7%) 38 (79.2%)
Experimenting 2 (4.2%) 6 (12.5%) 40 (83.3%)
Identifying variables 2 (4.2%) 12 (25.0%) 34 (70.8%)
Formulating models 2 (4.2%) 30 (62.5%) 16 (33.3%)
Interpreting data 2 (4.2%) 10 (20.8%) 36 (75.0%)
Controlling variables 2 (4.2%) 20 (41.7%) 26 (54.2%)
Graphing 2 (4.2%) 10 (20.8%) 36 (75.0%)
Mean 2 (4.2%) 13.7 (28.6%) 32.3 (67.3%)
Overall mean 2 (4.2%) 10.6 (22.1%) 35.4 (73.7%)
Table 4
Comparison of Teachers’ Familiarity With Basic and Integrated Science Process Skills (N = 48)
Type of 
skill Mean SD Mean rank
Sum of 
ranks U W Z p-value
Basic 66.5 2.74 8.92 53.5
9.5 37.5 -1.657 .101
Integrated 63.1 4.22 5.36 37.5
* p < .05.
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see if it is valid using observations, tasks, and data” (Teacher 19) were scored as partially correct, 
receiving a score of 2. The science process skills in which teachers possessed the lowest conceptual 
knowledge were measuring (1.29) and hypothesizing (1.38). These results are interesting because 
teachers reported measuring as one of the skills that they are most familiar with (see Table 3). 
For example, one teacher defined measuring as: “giving a scale of weight, length, volume, etc. 
Table 5
Comparison of Teachers’ Familiarity Across Demographic Variables (N = 48)
Demographic variable n Mean rank x2 df p-value
Teaching experience (years) 1–5 14 10.14
2.554 2 .2796–10 12 16.17
11+ 22 12.00
Grades taught 1 & 2 6 11.17
.226 2 .8753 & 4 22 13.23
5 20 12.10
Number of college science 
courses taken
0–1 4 14.50
1.787 3 .6182–3 24 12.044–5 12 10.42
6+ 8 16.00
* p < .05.
Table 6
Mean Scores on Conceptual Knowledge of Science Process Skills (N = 48)
Science process skill Mean score SD
Basic science process skills
Classifying 2.25 0.79
Predicting 2.13 0.54
Communicating 2.00 0.51
Observing 1.92 0.72
Inferring 1.67 0.87
Measuring 1.29 0.44
Integrated science process skills
Experimenting 2.29 0.81
Identifying Variables 2.25 0.53
Interpreting data 1.96 0.91
Formulating models 1.63 0.82
Graphing 1.63 0.71
Hypothesizing 1.38 0.58
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Table 7
Percentages of Correct Responses on Conceptual Knowledge of Science Process Skills (N = 48)
Science process skill Incorrect Partially correct Correct
Observing 29.2% 50.0% 20.8%
Classifying 20.8% 33.3% 45.8%
Measuring 70.8% 29.2% 0.0%
Inferring 58.3% 16.7% 25.0%
Predicting 8.3% 70.8% 20.8%
Communicating 12.5% 75.0% 12.5%
Hypothesizing 66.7% 29.2% 4.2%
Experimenting 20.8% 29.2% 50.0%
Identifying Variable 4.2% 66.7% 29.2%
Formulating models 58.3% 20.8% 20.8%
Interpreting data 41.7% 20.8% 37.5%
Graphing 50.0% 37.5% 12.5%
Overall Mean 36.8% 39.9% 23.3%
Table 8
Comparison of Teachers’ Conceptual Knowledge Between Basic and Integrated Process Skills (N = 48)
Type of 
skill Mean SD Mean rank
Sum of 
ranks U W Z p-value
Basic 45 8.34 6.42 38.5
17.5 38.5 -.080 .937
Integrated 44.5 8.94 6.58 39.5
* p < .05.
to something for further statistics” (Teacher 23). This teacher used the terms weight, length, and 
volume but failed to explain what these vocabularies mean and how they fit within the concept 
of measuring. Very few teachers used words such as quantity or standard, key features of the 
definition of measuring. One teacher (Teacher 14) used the word measurement in the definition 
itself. In defining the term hypothesize, most teacher responses (35 out of 48) included the terms 
guess or educated guess. Only one teacher mentioned relationship, specifically stating “to predict 
possible outcomes based on cause and effect” (Teacher 5). These excerpts also show that the 
elementary teachers used everyday language in describing science process skills.
Table 7 shows the percentage distribution of correct, partially correct, and incorrect performance 
of teachers. Overall, teachers had limited conceptual knowledge of the science process skills. As 
shown in Table 8, there was no significant difference in teachers’ conceptual knowledge between 
basic and integrated process skills. Teachers showed limited conceptual knowledge of both basic 
and integrated science process skills. Similarly, Table 9 shows there were no significant differences 
across demographics for conceptual knowledge. Teaching experience and number of college 
science courses taken did not make a difference in their ability to articulate basic and integrated 
science process skills.
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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Table 9
Comparison of Teachers’ Conceptual Knowledge Across Demographic Variables
Demographic variable n Mean rank x2 df p-value
Teaching experience (years) 1–5 14 12.50
.294 2 .8636–10 12 11.25
11+ 22 13.18
Grades taught 1 & 2 6 10.00
1.497 2 .4733 & 4 22 14.36
5 20 11.20
Number of college science 
courses taken
0–1 4 12.00
2.040 3 .564
2–3 24 10.92
4–5 12 13.08
6+ 8 16.63
* p < .05.
Table 10
Percentages of Correct Responses on the Science Process Skills Performance Test (N = 48)
Science process skill Number of items Correct responses
Basic
Classifying 3 98.4%
Predicting 3 97.3%
Inferring 3 96.5%
Measuring 4 90.6%
Communicating 3 86.7%
Observing 3 82.7%
Integrated
Interpreting data 3 98.2%
Experimenting 4 98.1%
Hypothesizing 5 94.4%
Formulating models 2 94.3%
Identifying variables 7 88.0%
Controlling variables 4 68.3%
Graphing 4 61.2%
Performance on Science Process Skills
Overall, teachers performed well on the Science Process Skills Performance Test with individual 
scores ranging from 81% to 98% (see Table 10). For example, teachers performed well on the 
skills of classifying (98.4%), interpreting data (98.2%), and experimenting (98.1%). However, 
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some teachers performed low on graphing (38.8%), observing (17.3%), and controlling variables 
(31.7%). Table 11 reports the percentages of incorrect responses on the test items. Overall, teachers 
performed well on the Science Process Skills Performance Test, demonstrating competence in 
the science process skills. However, statistical tests revealed no significant differences across 
demographics on performance (see Table 12).
Interest in Science Process Skills
Table 13 shows that elementary teachers expressed high levels of interest in learning more 
Table 11
Percentages for Incorrect Responses on the Performance Test
Science process skills tested
Number of 
items
Incorrect 
responses (%)
Classifying, communicating, experimenting, graphing, hypothesizing, 
inferring, interpreting data, measuring, observing, predicting
16 0
Classifying, experimenting, formulating models, hypothesizing, 
identifying variables, interpreting data, measuring, predicting
11 4
Identifying variables, formulating models, communicating 3 8
Controlling variables, graphing, identifying variables, inferring 8 12
Controlling variables 1 16
Hypothesizing, graphing, observing 3 20
Identifying variables 1 24
Controlling variables, communicating 2 32
Observing, measuring 2 36
Graphing 1 44
Table 12
Comparison of Teachers’ Performance Across Demographic Variables (N = 48)
Demographic variable n Mean rank x2 df p-value
Teaching experience (years) 1–5 14 11.07
.802 2 .6706–10 12 11.67
11+ 22 13.86
Grades taught 1 & 2 6 12.33
.057 2 .9723 & 4 22 12.86
5 20 12.15
Number of college science 
courses taken
0–1 4 12.00
2.165 3 .539
2–3 24 10.67
4–5 12 15.67
6+ 8 13.50
* p < 0.05.
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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about science process skills. For example, teachers were most interested in learning more about 
graphing and identifying variables, both are integrated science process skills, and inferring, which 
is a basic science process skill. Table 14 shows a significant difference (U = 4.5, p < .05) between 
teachers’ interest in basic and integrated process skills. Overall, teachers showed a significantly 
higher interest in learning more about the integrated process skills than basic process skills. In 
contrast, there were no significant differences in interest ratings across demographic variables (see 
Table 15). These results suggest the homogenous nature of this group.
Relationship of Teachers’ Familiarity, Interest, Conceptual Knowledge, and Performance
The results presented in Table 16 show that there was a significant relationship between 
teachers’ familiarity with and interest in learning more about science process skills. Although 
no other relationships were significant, it is interesting to note the negative relationship between 
familiarity and conceptual knowledge, familiarity and performance, and interest and conceptual 
knowledge. These negative relationships suggest that the more familiar teachers claimed to be with 
the process skills, the lower their conceptual knowledge and performance on these skills were, 
Table 13
Percentages for Teachers’ Interest in Science Process Skills
Science process skill
Not at all interested in 
learning more
Interested in learning 
more
Very interested in 
learning more
Basic
Observing 16.7% 58.3% 25.0%
Classifying 16.7% 58.3% 25.0%
Measuring 16.7% 58.3% 25.0%
Inferringa 12.5% 62.5% 25.0%
Predicting 12.5% 58.3% 29.2%
Communicating 8.3% 54.2% 37.5%
Mean 13.9% 58.3% 27.8%
Integrated
Hypothesizing 8.3% 58.3% 33.3%
Experimenting 4.2% 50.0% 45.8%
Identifying variablesa 4.2% 62.5% 33.3%
Formulating models 8.3% 45.8% 45.8%
Interpreting data 4.2% 58.3% 37.5%
Controlling variablesa 4.2% 50.0% 41.7%
Graphinga 12.5% 62.5% 25.0%
Mean 6.6% 55.3% 37.5%
Overall mean 10.0% 56.7% 33.0%
a Science process skills teachers expressed in learning more.
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and the same is true for interest and conceptual knowledge to a lesser extent. Further, teachers’ 
performance on science process skills tasks required the use of conceptual knowledge, and the 
two have a positive relationship even though it is not significant. This implies that even if teachers 
are more familiar with science process skills, their low conceptual knowledge may affect their 
performance on science process skills.
Discussion and Conclusions
Results show that in-service elementary teachers reported high levels of familiarity with 
both basic and integrated science process skills on the Familiarity With Science Process Skills 
Questionnaire. They performed well on the Science Process Skills Performance Test. However, they 
demonstrated moderate to low conceptual knowledge on the Conceptual Knowledge of Science 
Process Skills Test. On the Interest in Science Process Skills Survey, they expressed high levels 
of interest in learning more about science process skills. In particular, teachers rated the science 
process skills that they were least familiar with as the ones that they were most interested in learning 
more about. Thus, this group of teachers appeared to be open to addressing their deficiencies in 
conceptual knowledge of science process skills. Only familiarity and interest were significantly 
correlated, whereas other variables had negative or positive relationships that were not significant.
Table 14
Comparison of Interest Between Basic and Integrated Science Process Skills
Type of 
skill n Mean SD
Mean 
rank
Sum of 
ranks U W Z p-value
Basic 6 51.33 1.97 4.25 25.5
4.5 25.5 -2.39 .014*
Integrated 7 55.14 2.27 9.36 65.5
* p < 0.05.
Table 15
Comparison of Teachers’ Interest Across Demographic Variables
Demographic variable n Mean rank x2 df p-value
Teaching experience (years) 1–5 14 10.50
.826 2 .6626–10 12 13.33
11+ 22 13.32
Grades taught 1 & 2 6 11.67
.209 2 .9013 & 4 22 12.05
5 20 13.25
Number of college science 
courses taken
0–1 4 12.25
.012 3 1.00
2–3 24 12.63
4–5 12 12.50
6+ 8 12.25
* p < 0.05.
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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Science process skills are of the utmost necessity for doing inquiry (Breslyn & McGinnis, 
2012), student science achievement (Qureshi et al., 2017), understanding of the nature of science, 
and scientific literacy (Colvill & Pattie, 2002). As such, elementary teachers must possess an 
adequate level of knowledge on science process skills so that they can effectively teach them to 
their students. Unfortunately, this group of teachers demonstrated a low conceptual knowledge of 
the science process skills, with most responses on the conceptual knowledge test being incorrect 
or partially correct. This finding is consistent with those reported in previous studies. For example, 
Emereole (2009) found that teachers reported they were highly familiar with the science process 
skills, but their conceptual knowledge was very low. Similarly, Farsakoğlu et al. (2008) found 
that teachers could not adequately define or describe science process skills. The low conceptual 
knowledge held by teachers in previous studies and the present study should be a call to action on 
the part of science teacher education and professional development programs. Previous research 
suggests that teachers who lack science process skills or have a poor conceptual knowledge of 
science process skills are less equipped to use inquiry teaching strategies in their classrooms 
(Capps et al., 2012). Such teachers also may not be promoting a positive attitude toward science 
for students in their classrooms (Lotter et al., 2018; Morrison, 2013). Teacher education programs 
should refocus their science education courses to explicitly include and address science process 
skills during instruction, ensuring that teachers are entering the field adequately prepared to teach 
science and science process skills. Integrating science process skills instruction with instruction on 
inquiry will ensure that elementary teachers are prepared to effectively teach science.
In contrast with the results of the conceptual knowledge test, teachers did perform well on 
the science process skills test. This result could be because context plays a part in cognitive tasks 
presented in a test, especially on multiple choice tests (Song & Black, 1991). The performance 
test in this study presented these skills in a real-world type situation, possibly assisting teachers in 
doing them because they were familiar with the contexts. However, more research should be done 
to validate this claim.
Previous studies have focused on performance of science process skills under the assumption 
that proficiency on performance represents sound understanding of science process skills. However, 
the results of the present study indicate that these teachers possessed low levels of conceptual 
knowledge of the science process skills despite performing well on the science process skills test. 
The fact that teachers performed well on context-based science process skills items and poorly 
on the conceptual knowledge test indicates that teachers may be teaching these skills implicitly 
rather than explicitly because the multiple-choice test implies a skill and does not explicitly ask 
teachers to demonstrate cognitive competence as the conceptual knowledge test does. An implicit 
instructional approach limits the opportunity for students and teachers alike to gain a deeper 
Table 16
Pearson Correlation Coefficient Between Instruments
Interest Conceptual knowledge Performance
Familiarity .640* -.030 -.118
Interest -.005 .077
Conceptual knowledge .385
* p < 0.01.
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understanding of science content and skills. Additionally, such an instructional approach prevents 
science process skills from having the greatest educational impact on students in terms of inquiry, 
science achievement, scientific literacy, and an understanding of the nature of science.
There was a significant correlation between familiarity and interest; however, there was a 
negative correlation between familiarity and performance. It is also interesting to note that the skills 
teachers reported being familiar with were the skills on which they had the lowest performance. For 
example, teachers rated observing as one of the two skills that they were most familiar with, but it 
was one of the skills on which they performed the lowest (only two skills had lower performance). 
These results mimic the correlation results that indicated familiarity and performance had a 
negative correlation. Teachers may be teaching these skills because they are familiar with them but 
may be teaching them incorrectly or with misconceptions, as indicated by their performance on the 
conceptual knowledge test.
Another major outcome of this study was the teachers’ ratings and performance on the skill of 
experimenting. This science process skill received high ratings and scores in all the data sources. 
A possible explanation for this is that these teachers explicitly teach this skill more than the other 
skills, thus increasing their familiarity with, conceptual knowledge of, and performance on this 
skill. Because they frequently teach this skill, they are also likely to be interested in learning more 
about it.
Looking more specifically at individual skills, teachers had a low conceptual knowledge of 
and performance on the skill graphing. This finding is in line with results reported in previous 
research on teachers’ graphing skills. For example, Roth, McGinn, and Bowen (1998) reported 
that preservice teachers have graphing difficulties, and such difficulties were attributed to a lack of 
appropriate training in graphing skills. Teachers also performed low on the measuring skill. This 
is also consistent with findings that suggest difficulties with the task of measuring. For example, 
Rollnick, Lubben, Lotz, and Dlamini (2002) found that students were unable to measure accurately 
and appropriately in lab experiments both prior to and after instruction and hands-on activities. 
Even though the elementary teachers in this study were teaching science, their teaching experience 
did not seem to translate well to the cognitive tasks, indicated by their low conceptual knowledge of 
science process skills that were emphasized in school science curriculum. Teachers’ low conceptual 
knowledge of most process skills should inform teacher preparation programs of elementary 
education teachers’ deficiencies in science processes that are essential for inquiry science teaching 
and learning. Teacher education programs should emphasize that there are a variety of skills that 
depend on each other and that each skill should be taught and emphasized equally. Programs 
should also emphasize that basic skills are a necessity to understanding integrated skills such as 
experimenting and that focusing on only some integrated skills misses the opportunity to provide a 
rich and complete understanding of science for teachers and their students.
Based on our results, we suggest the following five areas for future research on science 
process skills in teacher education. First, explore why this group of teachers performed well on a 
performance test despite showing low conceptual knowledge. Second, extend this study to a greater 
pool of participants, including pre- and in-service secondary science teachers and their students. 
An understanding of teachers and students science process skill familiarity, interest, conceptual 
knowledge, and performance will allow for researchers to compare students and teachers to better 
determine the extent of the influence that teachers have on their students’ science process skills. 
Third, employ a mixed-methods approach by collecting both quantitative and qualitative data. 
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
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Qualitative data should include classroom observations, science lesson activity analysis for process 
skills, and interviews. Fourth, investigate teachers’ attitudes toward specific science process skills 
because attitude can have a significant impact on what teachers teach and how they teach it, both 
positively and negatively. Fifth, examine the relationship between conceptual knowledge of the 
process skills and how that translates into classroom instruction and use of the science process 
skills.
In conclusion, most teachers expressed high levels of familiarity with science process skills, 
and teachers performed well on the Science Process Skills Performance Test. In contrast, teachers 
demonstrated low conceptual knowledge of the science process skills. However, teachers expressed 
high levels of interest in learning more about science process skills. Specifically, teachers showed a 
significantly higher interest in learning more about the integrated process skills than basic process 
skills. Correlations among familiarity, conceptual knowledge, performance, and interest were only 
significant between familiarity and interest.
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STEM Faculty Experience Teaching Students With Autism
Solvegi Shmulsky, Ken Gobbo, and Michelle W. Bower
Landmark College
AbstrAct
College students who have an autism spectrum condition study in STEM fields at a higher 
rate than their neurotypical peers, and they face documented challenges in postsecondary 
education. Given the proportionally higher representation of autism in STEM majors, it 
is important to study what works best, from an educational standpoint, for this diverse 
group of students. The purpose of this qualitative study is to document the experience 
and insight of college faculty about unique learner qualities related to autism and the 
qualities most needed in STEM fields. In-depth interviews were conducted with 12 STEM 
faculty members about their experience teaching students on the spectrum, and thematic 
analysis was conducted to identify shared faculty perceptions. Faculty views converged 
on certain observable strengths, challenges, and general traits needed in their fields. The 
discussion summarizes findings and includes implications for teaching and postsecondary 
programming.
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In popular culture, there is a stereotype that science and technology fields are populated by 
people who have autism1 or autistic traits more than other fields. Although stereotypes oversimplify, 
there is empirical evidence that persons on the autism spectrum, estimated at 1.4% of the population 
(Christensen et al., 2016), are more likely to study and work in STEM than their neurotypical 
peers (Ruzich et al., 2015; Wei, Yu, Shattuck, McCracken, & Blackorby, 2013). Given the relative 
prominence of STEM study for college students with autism and the barriers to postsecondary 
achievement for this group (Taylor, Henninger, & Mailick, 2015), it is important to identify 
educational practices that work so that students can meet their goals and the field can benefit from 
the contributions of diverse minds.
In a cross-disciplinary study of the STEM workforce, the National Science Board (2015) 
concluded that opening pathways to STEM education is essential for the prosperity of individuals 
and the nation as a whole. During the Barack Obama administration, the U.S. Department of 
Education embarked on a pro-STEM initiative aimed at increasing engagement with STEM 
education at all levels and improving access for historically underrepresented groups (U.S. 
Department of Education, n.d.). Part of this effort has included the mandate to diversify, 
                            
1  To respect the communities about whom we write, we use the terms autism and autism spectrum 
almost exclusively in this article instead of the DSM-5 diagnostic term autism spectrum disorder. 
This choice reflects our wish to respect preferences in the autism community. In addition, we have 
retained the APA practice of person-first construction in order to adhere to conventions of the readership 
of this publication; however, we are aware that person-first language is not always preferred by autistic 
advocates.
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including more women, minorities, and persons with disabilities in STEM (Gutieri, 2014; 
Nilsson, 2017; Wang & Degol, 2017). Evidence suggests that “representation of students with 
disabilities decreases longitudinally over the course of the STEM education process” from the 
primary grades through high school and postsecondary education (Moon, Todd, Morton, & Ivey, 
2012, p. 10). Due to the push to increase minority representation in STEM studies, scholarship has 
emerged about how to entice undergraduates to commit to STEM (President’s Council of Advisors 
on Science and Technology, 2012), but none have focused exclusively on students with autism, a 
group with interest in STEM and challenges in college.
Autism Representation in STEM Majors
A postsecondary degree is associated with “increased earnings (Carnevale and Desrochers 
2003), improved health (Mirowsky and Ross 2010), and increased job satisfaction (Wolniak and 
Pascarella 2005)” (Sanford et al., 2011, p. 13) as well as lower unemployment. For students on 
the spectrum, the benefits also include “improved self-esteem, valued social roles, [and] increased 
community participation and involvement” (Hart, Grigal, & Weir, 2010, p. 142). Therefore, it 
is especially important to increase representation among students with autism as graduates of 
postsecondary programs. Identifying barriers to and supports for achieving educational goals is a 
necessary step to increase employment opportunities.
Students on the autism spectrum study in all fields, but they participate in STEM in significantly 
higher percentages than the general population, with 34% of college students on the spectrum 
enrolling in STEM versus 22% of the general population (Wei et al., 2013). Learners with 
autism also participate in STEM education at higher rates than individuals in 10 other disability 
categories, although their overall participation in postsecondary education is third lowest among 
this group (Wei et al., 2013). A higher rate of autism has been found in college students studying 
mathematics (Baron-Cohen, Wheelwright, Burtenshaw, & Hobson, 2007), and this linkage has 
influenced the development of the empathizing–systematizing (E-S) theory of autism. The E-S 
theory explains autism as a combination of both a lower level of social functioning and average 
or superior level of systemizing ability, defined as “the drive to analyze or construct systems” 
(Baron-Cohen, 2009, p. 71). This theory has been used to hypothesize that persons with autism 
have mathematical talent.
Students with autism who were enrolled in STEM at the community college level experienced 
greater success than those enrolled in other majors; they “were more likely to persist” in a 
program and “were twice as likely to transfer . . . to a 4-year university” compared to other majors 
(Wei et al., 2014, p. 1159). Students were more likely to try out STEM in college if they had 
upper level mathematics course in secondary school, so current educational recommendations 
include boosting engagement of students on the spectrum in these courses (Wei, Yu, Shattuck, & 
Blackorby, 2017). It is important to note that the majority of students with autism do not study 
STEM; however, there is a statistical link between autism, preference for STEM study, and 
academic success (Wei et al., 2014).
Postsecondary Educational Supports for Autism
Postsecondary students on the spectrum have similar aspirations as the general 
population: They seek to be independent and take responsibility for own lives (Anderson, 
MacDonald, Edsall, Smith, & Taylor, 2016). These students also face considerable academic 
https://ir.library.illinoisstate.edu/jste/vol53/iss2/5
Journal of STEM Teacher Education Vol. 53 No. 2, Fall 2018
45
and social challenges (Gelbar, Shefyck, & Reichow, 2015; Zeedyk, Tipton, & Blacher, 2014; 
Gobbo & Shmulsky, 2014) and poorer outcomes, including lower graduation rates and higher 
degrees of unemployment than the general population (Taylor et al., 2015). Research efforts 
have been ongoing to study the nature of autism-related postsecondary challenges and the best 
approaches for success.
Students, their parents, and educators report that prominent needs of college students with 
autism fall into three domains: social functioning, self-determination, and self-regulation. Specific 
challenges identified include “developing interpersonal competence and age-appropriate capacity 
for intimacy” (White et al., 2016, p. 36), “maintaining motivation for school, time-management, 
organization of materials, and managing intense emotions and academic stress” (p. 37). When 
interviewed, parents and university personnel said that autistic features such as difficulty with 
executive function, social skills, and personal care lead to adversity in the postsecondary setting 
(Dymond, Meadan, & Pickens, 2017).
A systematic review categorized three groups of strategies currently used at postsecondary 
institutions: skill instruction, educational supports, and faculty supports. The recommendations 
most salient for instructors come from the latter two categories and include note-taking 
accommodations, exam accommodations, organization supports, seating choice, using routines 
in class, breaking down large assignments, and using a student’s strongest interest area as a 
motivator. For the complete overview of postsecondary practices related to students with autism, 
see Zeedyk, Tipton, and Blacher (2016).
According to parents of students on the spectrum and university personnel who work with 
students, better outcomes could be achieved with improvements such as increased autism 
education and inclusive transition planning (Dymond et al., 2017). Self-identified students 
on the spectrum from a postsecondary honors program said that they benefited from small 
classes, clear expectations from instructors, and instructors who are willing to meet with them 
individually (Yager, 2016). Faculty members have reported that college students with autism are best 
served by teaching practices that that incorporate structure, predictability, and proactive strategies to 
address student stress or apparent anxiety (Gobbo & Shmulsky, 2014). Accommodations suggested 
for use in STEM courses include universal design for learning, online course management systems, 
clear and explicit directions, and mobility accommodations as needed (Moon et al., 2012).
The existing literature suggests many teaching approaches that have the potential to 
improve postsecondary educational experience and outcomes for students on the spectrum 
(Gobbo, Shmulsky, & Bower, 2018). Because a high proportion of students with autism study 
in STEM fields, it is worthwhile to explore effective teaching practices within those fields. The 
first goal of this research was to learn how college STEM faculty, who are the primary point of 
connection between students and academics, perceive students who have this profile and what they 
have discovered about teaching this diverse group. The second goal of this study was to collect 
STEM faculty perceptions about what skills and abilities are necessary for success in their fields. 
Taken together, these two research aims can be analyzed to better understand student strengths 
and areas of challenge vis-à-vis STEM study. It is hoped that by describing student attributes and 
STEM-field needs, this work can provide instructors with a place to start when thinking about how 
to make their curricula more accessible to students.
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Research Questions
This study was designed to answer the following research questions.
1. Based on classroom teaching experience, what do college faculty in STEM fields perceive 
as strengths and challenges of students who have autism?
2. What skills and abilities do STEM faculty think are most needed for STEM careers?
Method
This was a qualitative study designed to probe first-hand experience in order to answer the 
research questions. We took an ethnographic approach to the nature of knowledge, seeking 
the lived experience of STEM faculty who work exclusively with a neurodiverse student 
population. The value of this approach is that faculty were free to describe their experience in 
detail. Because qualitative studies are inductive and results are based on researcher interpretations 
(Maykut & Morehouse, 1994), we used a multistep analysis process to ensure validity.
This qualitative interview study consisted of semistructured interviews with 12 instructors 
from the researchers’ institution who, at the time of data collection, taught in STEM fields 
and self-identified as having experience germane to the research questions. Instructors are 
students’ predominant connection to academics in the undergraduate years, so their views and 
approaches can uniquely influence educational outcomes; in addition, they see students multiple 
times per week during a semester, so they are in a unique position to observe student behavior. 
Participants who were interested in the study self-identified as having direct experience teaching 
students with documented diagnoses of an autism spectrum condition, which was then confirmed 
in the interview. The semistructured interview methodology was selected so that participants could 
bring up novel ideas and observations about teaching this population.
Participants
The convenience sample of 12 faculty members were recruited from a liberal arts college 
that serves students who learn differently; it was estimated that 35% of the student population 
had a documented autism diagnosis at the time of the study. Researchers visited the regular 
meetings of academic departments offering courses in STEM fields and presented a general 
overview of the study followed by an email invitation. Interested faculty members responded, 
and one-on-one, private interviews were set up for all 12 who expressed a desire to participate. 
Participants received a $25 gift certificate for their participation. Participants represented the 
fields of biology, chemistry, computer science, and mathematics and had an average of 13.6 years 
of postsecondary teaching experience (the demographic data sheet is included in Appendix A). 
Faculty members teach, on average, five to seven STEM courses per academic year. Once they 
had agreed to participate, each potential participant was asked screening questions to determine 
if they would be included in the study.
A gateway question for this research is whether participants were qualified to speak 
about college students who have autism. It was not possible to objectively confirm that 
each participant had direct experience with a student known to be on the spectrum; however, 
participants were selected for the study based on the nature of the institution from which they 
came, the self-selecting recruitment procedure, and their accurate descriptions of autism.
Participants self-selected as “having experience teaching students with ASD”2 during the 
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recruitment phase, establishing their initial belief that they had relevant experience. To validate that 
impression, interview questions probed the participants’ knowledge about autism. If any responses 
had shown a lack of familiarity with the autism spectrum, the interview would have been excluded 
from analysis. All 12 participants described autism in ways that closely matched diagnostic 
criteria outlined in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5; American Psychiatric Association [APA], 2013), which supported their qualification to 
speak on the subject.
At the beginning of the interview, participants were asked the following questions: “What 
are the first three words you think of when you hear autism,” and “in your own way of thinking, 
what is ASD?” Responses included challenges with social functioning, communication difficulties, 
difficulty with nonverbal cues, intense focus, and sensory sensitivity. Responses to the two initial 
interview items align closely with the DSM-5 descriptors, including “deficits in social-emotional 
reciprocity, ranging, for example, from abnormal social approach . . . to reduced sharing of interests, 
emotions or affect”; “deficits in nonverbal communicative behaviors used for social interaction”; 
“difficulties adjusting behavior to suit various social contexts; “highly restricted, fixated 
interests that are abnormal in intensity or focus”; and “hyper- or hyporeactivity to sensory input” 
(APA, 2013, p. 50). The alignment between interviewee answers to questions about autism and 
published autism features supported the validity of subsequent responses.
Interviews
Researchers met participants in their private offices for audio-recorded interviews lasting 
between 45 and 60 minutes. The interview script, included in Appendix B at the end of this 
article, contains 27 open-ended questions asking participants to recall and share their experiences 
teaching students on the spectrum. The research draws on work by Gobbo and Shmulsky (2014) 
for the interview protocol. The current research extends earlier work by specifically investigating 
STEM faculty. The first five questions were designed to confirm participant eligibility by 
validating their baseline knowledge of autism. Subsequent question groups directly addressed 
each of the research questions. Questions pertaining to lab work and field work were used only 
if time and experience permitted. The questions were developed by two of the coauthors and 
tested on the third author. Subsequent edits were completed by all coauthors. All participants 
completed the full interview protocol.
Analysis
Audio recordings were transcribed and analyzed using multistage thematic analysis 
(Braun & Clark, 2006). Transcription was completed by an outside transcription service and 
reviewed by the coauthors for accuracy. Transcripts were between nine and 15 pages each. 
In Stage 1, each researcher read the transcripts independently. They noted words and themes 
that appeared several times or that were expressed with intensity. After independently reviewing 
the transcripts, the researchers met to compare emerging themes. Themes identified by multiple 
researchers were carried forward and maintained in notes, and those that were only noted by 
one researcher were dropped from analysis. Therefore, final themes were developed by group 
consensus of common ideas across the transcripts. These ideas appeared multiple times per 
participant and were expressed with intensity across multiple participants.
                            
2  Although autism is the preferred term throughout this article, we use the clinical term autism spectrum 
disorder (ASD) in direct quotations of interview questions or answers.
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In Stage 2, researchers sorted the transcript data by research question using NVIVO; 
this enabled researchers to look at all responses within a particular category, such as 
“strengths” or “social behavior.” The above process of independent reading, group review, and 
identification of themes based on consensus was repeated.
In the final stage of analysis, researchers compared themes found in Stages 1 and 2. Wording 
and level of detail varied, but no substantive discrepancies were found. This provided the 
opportunity to improve and further clarify early themes. The results section reports themes that 
emerged from this multistage analysis.
Steps taken to establish validity included audio recording interviews to have a precise 
record of participant speech, transcribing interviews word for word, independent review of 
transcripts by two researchers, multistage review, and flagging discrepancies. At the time of analysis, 
more than one participant had left the college; therefore, member checks were not performed.
Results
Diversity in Profile
Experienced STEM faculty members emphasized the variability in student profiles. When 
asked about general strengths and challenges, most participants were quick to point out that 
“students with ASD are all really different.” Variability came up throughout the interviews, both 
in regard to student profile and effective teaching strategies. Diversity was commonly noted in the 
level of visibility of autistic features, creativity, abstract thinking, and critical thinking. To illustrate 
these ideas stated by multiple participants, one faculty member said:
In terms of sensory sensitivity, social challenges, and difficulties with concrete thinking 
. . . some of those seem to exist in everybody who’s on the spectrum. But the extent to 
which they exist varies wildly, so you often have students on the spectrum who are highly 
social but still have some social difficulties. They have no problem interacting with others, 
but they may struggle to read nonverbal cues and social contexts . . . . You hear it said,  
“If you know one person with ASD, then you know one person with ASD,” and I think 
that’s very much the case.
Several respondents said that some students on the spectrum are noticeably concrete thinkers, 
taking instructions and social statements literally. Other students, however, were seen as having a 
strong ability to make creative connections and think abstractly. Both of these seemingly opposite 
variants were associated with autism; the first is an outcome of rigidity, and the second is linked 
to seeing the world in a different way. The following section describes college students with 
autism as seen by STEM faculty, but it is presented with the qualification, which is emphasized by 
participants, that all students are unique and do not fit a single profile. Themes are first presented 
in this section and are discussed in further detail in the discussion.
Research Question 1: Strengths and Challenges
Strengths. Participants who were interviewed for this project pointed out several strengths 
that students who have autism bring to their classrooms. Strengths were observed in three areas: 
attention to detail, the ability to follow directions, and recognition and use of patterns.
Attending to detail. Several faculty observed attention to detail as a prominent strength in 
college students on the spectrum. Multiple examples were given of students’ ability to focus 
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on details and resist distraction, especially in situations of innate interest. One participant said, 
“Then they are really going to be detail focused.” Participants also discussed this tendency in 
relation to the completion of assignments, indicating that students “followed rules to a T” and that 
“their assignments are completed to the letter.”
Participants noticed that attention can impede progress as well. They noticed that focus 
on detail can “become a fixation” or that students might “insist on detail when the level of 
detail is unnecessary” to understand the broader topic. This confirms the notion that college students 
on the spectrum may have difficulty with self-regulation as they take STEM courses.
Following complex directions. Related to students’ attention to detail is perceived skill 
at following directions. In several interviews, participants mentioned students who have 
autism appear particularly strong in staying on task and following directions. Students were 
described as being “very good at procedures.” This ability and tendency was also described by 
one faculty member as following a long set of directions doing it “exactly the way you asked 
them to do it without variation.” This strength can also have a negative side. For example, one 
instructor said that this can at times cause a rigidness that may inhibit critical thinking skills, a 
finding that is discussed later under challenges.
Recognizing and using patterns. Participants observed that some students who have 
autism stand out in their ability to recognize patterns quickly and accurately. This skill is 
essential to understanding problems and identifying possible solutions in any field. Faculty 
members who were interviewed referred to students’ “aptitude with procedures and pattern 
recognition” and “their ability to think things through in a linear way, understanding patterns.” 
One such description mentioned this in connection with an intuitive ability to see possible 
solutions to problems.
Participants noted that students who have autism can demonstrate a great deal of diligence 
shown by consistent work habits, readiness to learn, and persistence. They suggested that these 
traits may be, at times, catalyzed by the student’s deep interest in the subject. One route to 
maximizing student strengths, according to participants, is to include students’ specific interests in 
the course when possible.
Challenges. In addition to faculty perspectives about student strengths, the research 
uncovered what faculty see as the challenges faced by college students on the autism spectrum in 
the context of STEM courses. Challenges noted by participants included expressing frustration, 
social functioning, and rigidity or inflexibility.
Expressing frustration. Participants observed that students who have autism display 
frustration, and by logical extension experience frustration, in response to academic and social 
challenges. Several faculty relayed specific anecdotes about inappropriate expressions of 
frustration in the classroom. Outward expressions of frustration were seen as having a negative 
impact on the classroom dynamic: “The issue of frustration can . . . manifest as a social problem 
because students who have a certain level of outward display of that frustration can make other 
people maybe feel a little uncomfortable.” Faculty noted that an emotional display can be 
further complicated if the student expressing frustration is not immediately aware of how others 
perceive him or her, and students on the spectrum tend to have more difficulty in this area.
Social interaction. STEM instructors reported and discussed social challenges at length. 
Some students were described as “socially awkward” or “uncomfortable.” Another described a 
Journal of STEM Teacher Education Vol. 53 No. 2, Fall 2018
50
“complete overload in social situations and what appears to be stress or anxiety expressed by 
the students.” Participants noted that STEM classrooms, particularly those that emphasize 
group work or lab work, can place a high demand on social skills, which is challenging for certain 
students and may impede participation.
Participants observed that students who have autism may overparticipate or underparticipate 
in discussion, both of which present social challenges. One faculty member said: “[Some] 
students seem not to know how to socially interact within the classroom with other students and 
with the instructor, whether it be talking too much, too little, inappropriate comments, [looking like 
they] aren’t paying attention but actually are.”
In terms of classroom management, students who do not perceive when they are talking 
too long or speaking off topic require redirection to keep the class running smoothly. 
Participants mentioned that these students can be resistant to efforts at redirection made by 
the instructor or other students. On the other hand, they observed that some students do not 
appear to participate and are not drawn into discussions. Low participation can cause rifts on group 
projects and impede the instructor’s assessment of how the student is doing.
Rigidity and inflexibility. Participants observed that some students who have autism show 
inflexibility in routines and rigidity in thinking patterns, two features that align with autism 
features. A behavioral giveaway of autism, in the words of one participant, is “rigid adherence 
to what they [students] perceive as rules, lack of flexibility, and scripted social interactions.” 
Participants said that some students had difficulties in laboratory projects and other group work 
when materials or sequences had to be altered during a process. Similarly, problems come up 
when a procedure, assignment, or activity does not “go according to script” and students have to 
shift the direction of their thinking. As one participant put it, the student may miss “discovering 
something new” because of inflexibility in thinking.
Participants identified several strengths and weaknesses from their experience as STEM 
instructors. Their perspectives and insight align with existing literature about the features of 
autism. With equal depth, faculty were able to identify strengths and weaknesses to highlight 
important components of neurodiversity in the classroom. In the next section, participants’ views 
of traits needed for STEM fields are summarized.
Research Question 2: Skills and Abilities for STEM Careers
Participants were asked: “What skills and abilities are most needed for STEM careers?” 
The most cited answers were attention to detail, persistence, social skills, critical thinking, 
and interest in novel thinking.
Focus on details. Across a range of STEM fields, participants agreed that being able to 
manage details was critical to a successful STEM career. Within these careers, participants said 
that there are many streams of information; thus, it is necessary to separate relevant from irrelevant 
streams and focus on minute details. For example, as one participant said, “I think the ability to 
hyper-focus and deal with some of the fine minutia of details that sometimes people glean over.”
Persistence. Participants reported that a high degree of persistence and focus is needed in 
their fields.
In . . . [STEM fields] you’re expected to work until the thing is finished, and that doesn’t 
really matter how many hours it took you to do it. . . . That kind of a stick-to-itiveness, the 
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“I’m going to plod along and plod along and plod along until I finish,” at which point I’m 
done and am now moving on to the next thing.
Being able to persist through possible discomfort at not knowing an exact path or step 
were seen as beneficial to advancing the field. Persistence was also deemed necessary to be 
successful through boring, repetitive processes.
Social skills. Adequate social communication skills were identified as important in STEM 
careers. Regardless of the field, participants underscored the need to communicate with others 
both informally and formally with comments like: “While it is possible in some fields in the 
sciences to work on your own, really the sciences are collaborative and they work a lot better if 
you’re communicating well with other people.”
Critical thinking. Participants identified critical thinking and problem solving as 
important in STEM careers. This could involve a number of aspects including analyzing 
situations, choosing tools, making connections between topics and disciplines, and applying 
knowledge in novel ways. In one such example, a faculty participant stated:
You have to be able to think critically. You have to be able to analyze things. You have 
to be able to look at what you’ve done and question it. You have to be able to see, “Well,  
am I missing anything from this? Is there more I could’ve done?”
Novel thinking. Participants noted that following established processes is important in 
STEM, but they also said there is a need for novel thinking and curiosity. Advancements in the 
field can only happen by applying knowledge in new ways.
You can’t figure out what it is you need to do without having to think about what is 
possible to do. And then you can’t look at what you’ve actually done without imagining  
whether that’s good enough, or what it means.
Curiosity was identified as necessary for advancement in the field. One such illustrative 
response was: “Innate curiosity is required for the sciences. Well, it’s related to curiosity but, you 
know, you want to figure things out, you want to go in and explore things, you want to answer 
questions.”
This study collected STEM faculty views in two broad areas: the strengths and challenges 
of students who have autism and the abilities perceived as necessary for success in STEM 
fields. Taken together, these two research aims can be analyzed to better understand a 
subset of students who study STEM at a proportionally high rate and how their profiles may 
convey certain strengths and areas of challenge in STEM study. Focus on details, persistence, 
social skills, novel thinking, and critical thinking are areas that STEM faculty identified as 
being especially important for success in their fields. The discussion explores how these areas of 
ability intersect with faculty perceptions of the profiles of students on the spectrum.
Discussion
STEM education is promoted nationwide, and research supports the idea that 
people who have autism are engaged in science and technology at higher rates than 
neurotypical populations. The purpose of this study was to describe STEM faculty’s experience 
teaching students who have autism to survey their views about essential STEM skills 
and abilities.
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Faculty views are relevant in this study for two reasons. First, faculty are in a unique 
position to observe how neurodiverse students function in the classroom because they are 
present with students for large chunks of time over a semester. Second, faculty members are 
a student’s primary connection to academics, and faculty traditionally have wide latitude in 
designing lessons, assigning work, grading, and other practices that impact students. This is not to 
say that faculty are entirely independent; college policies, curriculum committees, and department 
policies create parameters within which they must operate. However, given the influence 
held by faculty, it is valuable to learn their mindset about autism in an effort to describe the 
postsecondary landscape within which students on the spectrum learn.
Because students who have autism study STEM at higher rates than the general population 
(Ruzich et al., 2015; Wei et al., 2013), this study focused on the views of STEM educators. 
College faculty who participated in this study came from in the fields of computer science, 
biology, mathematics, physics, and chemistry. They were experts in fields other than 
autism, yet they demonstrated nuanced knowledge of student profiles based on interview 
questions about student strengths and challenges. Participants also commented on the skills and 
abilities needed for success in STEM fields. The following section connects faculty views about 
essential STEM skills and abilities and their perceptions of autism.
Attention to detail and rigidity and inflexibility are characteristics that faculty observed in 
students who are on the spectrum, and such characteristics are potential assets in STEM fields. 
Faculty discussed the need for precision in STEM activities such as measuring chemicals in a 
laboratory, solving a lengthy math problem, or debugging computer code. People who can harness 
their attention on details will have a better chance of success, and students on the spectrum were 
noted to have strengths in this area.
Rigidity and inflexibility, a feature of autism, was noted to have an upside in STEM. 
At least one participant observed that when rigidity enabled a student to stick with a problem or 
persistently follow a procedure, it became a strength. Persistence was also identified as necessary 
for success in STEM, so rigidity and inflexibility may work in favor for the STEM-interested 
student. Rigidity and inflexibility can, however, impede problem solving, especially novel 
problems. The key may be to recognize when persistence is helping versus impeding progress and 
to develop skills to change track if needed.
According to participants, social skills are essential in STEM fields and a key area of 
challenge for students who have autism. Although some STEM jobs require greater social 
ability than others, social skills are needed in STEM jobs because science and technology are 
not isolated pursuits, according to participants in this study. Through numerous anecdotes about 
life in the classroom, faculty concurred that students on the spectrum had significant difficulty 
in this area. The educational implication is that social skill development must be explicitly 
supported and that social conventions should, perhaps, be revisited.
Social learning can happen in the classroom, advising, and through special programming 
or disability services. For example, faculty and advisors can give one-on-one, explicit advice 
for how a student can communicate effectively with peers and professors in person and via 
email, social media, and texts. Disability services or career services can offer workshops on 
interviewing and internship preparedness designed to address autism-related themes. The themes 
suggest that students on the spectrum would be well served to have mentors to help students as 
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they learn new systems. At the same time, educators can promote knowledge of autism in an effort 
to normalize behaviors that might be confusing to those who are not familiar with this form of 
neurodiversity.
According to STEM faculty, critical thinking and interest in novel thinking are essential for 
success in STEM, and they are highly variable among students who have autism. In this area, 
faculty were especially reluctant to profile, repeatedly pointing out that students vary widely in 
their ability to think abstractly and make creative leaps. They noted that some students excel at 
conceiving of a problem in an entirely novel way, whereas others are more concrete-minded, 
appearing not to be comfortable with divergences from the norm. Given the importance of 
divergent thinking in STEM, it will be important to figure out how to boost this kind of thinking 
in individuals who are interested in STEM but have difficulty making leaps beyond the known.
Support recommendations for postsecondary students on the autism spectrum have been 
derived from a growing understanding of the problems faced by these students, which include 
difficulty with social interaction, self-regulation, and executive-function abilities (White et al., 
2016). In other words, recommended approaches focus on ameliorating problems which are 
documented by the students themselves (e.g., Gelbar et al., 2015) as well as those who are close to 
them (e.g., Dymond et al., 2017), and this current research adds a faculty perspective.
Teaching implications of this research include the importance of developing and using 
strategies to support social interaction and critical thinking. Both areas were raised as potential 
barriers for students, so teaching these skills directly and intentionally may increase course 
accessibility. Critical-thinking instruction may be familiar to faculty, but the notion of teaching 
social skills may be less obvious. It is hoped that this research underscores the need for 
social-skill instruction adapted to be appropriate at the postsecondary level.
Although approaching autism education from the perspective of identifying and solving 
problems is important—the problems are significant and impactful—a more complete approach 
may be to include strengths-based innovation as well. STEM faculty are critical informants 
for understanding how students can engage within STEM classrooms. The accounts of 
STEM faculty in this study suggest that college students on the autism spectrum have notable 
strengths that may enable them to excel in academic pursuits that fit their profiles.
Teaching implications of this research include finding practical ways to engage students’ 
strengths. If students have the opportunity to identify and develop their strengths, the 
potential for empowerment is greater than an accommodations framework that focuses only 
on providing support for areas of challenge. Educators may develop exercises or questioning 
rituals that help students describe what they are good at. More broadly, educators can ask 
themselves: “Where do my students excel,” and “how can I plan lessons to get students using 
their strengths more?” From an educational policy perspective, it may be worth continuing 
to debate the optimal balance of emphasizing baseline learning for everyone versus a more 
individualized approach that cultivates unique strengths while enhancing weaker areas.
Limitations
A limitation of this study is its retrospective design in which faculty were asked to recall 
impressions about teaching students who have autism. The content of their responses may 
have been influenced by other factors such as the perception of the interview purpose and the 
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faculty member’s own evolving view of autism. Therefore, findings must be seen as the iterative 
thought process of a group of experts and not generalizable fact. Similarly, the proximity of 
questions in the interview about autism characteristics and traits needed in STEM may have 
been mutually reinforcing, creating a higher degree of overlap than would have been found if 
the questions were asked at different times. Finally, the validity of the study is dependent on 
the experience of faculty members with students who have autism. Every effort was made to 
ensure that respondents were qualified to speak on the subject; however, the method to determine 
eligibility did not objectively confirm diagnoses of individuals about whom participants spoke.
Future Research
Research priorities will be most meaningful if they are developed with input from people 
who have autism (Autism Self Advocacy Network, 2018), and future research should include 
their insight whenever possible. More research is needed to describe the postsecondary 
academic outcomes and employment outcomes for individuals on the autism spectrum who 
study STEM and other discipline areas. The optimism shown by the STEM faculty participants 
suggests worthwhile areas for future pedagogical research. It will be beneficial to study what 
college students themselves say about their experience and needs regarding autism. To date, 
the majority of research is based on perspectives of people in the orbit of these students but 
not the students themselves. For STEM programs aiming to diversify participation, it will be 
beneficial to identify additional supports needed to achieve this goal and track the results of 
including more culturally and neurologically diverse participants.
Conclusion
Students with autism are diverse learners who gravitate to STEM fields at a disproportional 
rate. In this study, STEM faculty, who spend a significant amount of time with neurodiverse 
students in the classroom, expressed optimism about the suitability of STEM for interested 
students on the spectrum. Overlaps between features of autism and essential STEM skills 
and abilities were presented to spur pedagogical discussion, innovation, and future research. 
It is hoped that postsecondary education for students will be improved by raising awareness 
of the profile and its variants and offering practical suggestions to educators. Postsecondary 
institutions will continue to have an important role in achieving the social justice goal of equal 
access to STEM education and the scientific goal of developing diverse thinkers who can 
innovate and advance knowledge in important ways.
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Appendix A
Demographic Data Sheet and for Identifying Effective STEM Classroom Techniques  
for College Students with ASD
Demographic Data
Date: _________________________
Name: _____________________________________________________
Courses taught during the past three terms:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
How long have you been teaching at the post-secondary level?
_____________________________________________________________________________
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Appendix b
Interview Script for Identifying Effective STEM Classroom Techniques for  
College Students with ASD
Responses to be audio recorded; probes will include: “Can you give an example,” or “can you tell me 
more about that?”
Script
I am going to ask you questions about your work with college students who have ASD. The aim of the 
study is to find out what faculty have noticed. Working here makes you particularly qualified because of 
the student population here. It’s okay if you know a little or a lot about ASD. All perspectives have the 
potential to contribute. We did a study a few years ago about faculty perceptions of ASD, and it filled a 
gap in the field—faculty weren’t “experts” in the traditional sense, but their collective insight was really 
helpful.
Mostly the questions are about your direct experiences. Some questions will ask you to generalize if you 
feel comfortable with it. For the sake of student privacy, please don’t use names. You can pass on any 
question.
Ready?
1. Have you had students with ASD spectrum disorder (ASD) in your classes?
2. Would you think about writing down their names on a piece of paper so you can think about them 
during the interview?
3. How did you find out they had ASD?
If minimal response, cue with: “Were you more likely to find out from a student disclosing, a 
College faculty or staff member, reading a file, or your own observation?”
4. What are the first three words you think of when you hear “ASD?”
5. In your own way of thinking, what is ASD? We’re not looking for diagnostic criteria but how you 
see it.
The first questions are about students.
6. Looking at your list of names, what academic strengths have you seen in students who have ASD?
7. How about critical thinking strengths?
8. Social strengths?
9. Do you think these strengths are typical for learners who have ASD?
10. Looking at your list again, can you think of what has gotten in the way of these students meeting 
your course objectives?
11. Are there recurring social issues that you have seen or heard about?
12. What critical thinking challenges you have noticed?
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For the rest of the talk, we’ll focus on your experience as a STEM instructor.
13. What are the major roles you’ve had in STEM?
14. Thinking about your field in particular, what are a couple of traits that make people successful? For 
instance in psychology having deep curiosity about people and a linear, logical way of thinking can 
really help.
15. Based on what you have seen in class, what ASD-related traits would be strengths in your field?
16. What traits would get in the way of success?
Now we’ll talk about teaching.
17. Can you think of something specific you did in class that worked well for students who have ASD?
18. In general, what kinds of approaches have you found to work for this group?
19. Can you think of something specific that didn’t work?
20. In general, which types of activities or assignments have been least successful?
21. Earlier you mentioned __________________ critical thinking challenges. Have you found ways to 
work with these challenges? If “yes,” say, “can you describe something you’ve done?”
22. In terms of the social side of class, how much have you pushed students who have social 
challenges? When have you pulled back?
23. Have you done lab work with these students? {if yes, answer next two bulleted items; if no, 
proceed to question #25 about field work}
1. What strengths have you seen in the lab? (Specific example)?
2. What challenges have you seen? (Specific example)?
24. Have you done field work with these students? {if yes, answer next two bulleted items; if no, 
proceed to last section}
• What strengths have you seen in the field? (Specific example)?
• What challenges have you seen? (Specific example)?
We’re down to the last couple of questions…
25. Part of the reason for this study is that it’s a national priority to include more learners with 
disabilities in STEM programs and fields. As you probably know, the graduation rate for these 
students is lower than for traditional learners. What do you think are the top three things faculty 
can do to help close the achievement gap in STEM?
26. What 3 things can institutions do?
27. Anything else you would like to share on the subject?
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